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ABSTRACT
METHODS FOR THE COMPARISON OF TIMING BEHAVIOR APPLIED TO 
THE PINK SALMON FISHERIES OF PRINCE WILLIAM SOUND, ALASKA
by
Louis  John  Rugolo 
Department  o f  Oceanography 
Old Dominion U n i v e r s i t y ,  1984 
D i r e c t o r :  Dr.  P h i l l i p  R. Mundy
Harvest  c o n t r o l  i n  salmonid f i s h e r i e s  was examined as  a p r o b l e m  i n  
t h e  o b j e c t i v e  f o r m u l a t i o n  o f  r e g u l a t i o n s  which r e s t r i c t  t h e  t ime and 
a re a  o f  f i s h i n g .  An a b i l i t y  t o  r i g o r o u s l y  d e f i n e  and compare t h e  form 
o f  t h e  p r o g r e s s i o n  o f  t h e  m i g r a t i o n  a c r o s s  t im e  and between h a r v e s t  
a reas  was judged fundamental  t o  o b j e c t i v e  h a r v e s t  management d e c i s i o n s .  
The i d e n t i f i c a t i o n  and e v a l u a t i o n  o f  s t a t i s t i c a l  methods a p p r o p r i a t e  t o  
a q u a n t i t a t i v e  comparison o f  e m p i r i c a l  m ig ra to ry  t ime d e n s i t i e s  b e t w e e n  
y e a r s  and h a r v e s t  a r s a s  was per fo rmed .
P r e v io u s l y  a p p l i e d  methods f o r  t h e  comparison o f  m ig ra to ry  be h a v io r  
were shown to  be l a c k i n g .  The d e v e l o p m e n t  o f  t h e  m ea s u re  o f  c e n t r a l  
t e n d e n c y  (mean d a t e )  o f  t h e  t i m e  d e n s i t y  as  t h e  c o n s i s t e n t ,  unb iased  
e s t i m a t o r  o f  m i g r a t o r y  b e h a v i o r  w a s  g i v e n .  P r a c t i c a l  e v i d e n c e  
d e m o n s t r a t e d  t h a t  t h e  mean d a t e  was h i g h l y  r e s i s t a n t  t o  f a c t o r s  which 
c o n t r i b u t e  v a r i a b i l i t y  t o  t h e  b a s i c  e x p r e s s i o n  o f  m i g r a t o r y  b e h a v i o r .  
The mean d a t e  was the  s t a t i s t i c  o f  cho ice  t o  se rve  as  the  b a s i s  f o r  the  
comparat ive  a n a l y s i s  o f  e m p i r i c a l  t ime d e n s i t i e s .
Brood  y e a r  c y c l e  and l o c a l i t y  were  t r e a t e d  a s  f i x e d  e f f e c t s  i n  
s t a t i s t i c a l  a n a l y s e s  w h ic h  w e r e  a p p l i e d  t o  t h e  t i m i n g  s t a t i s t i c s  o f  
c a t c h  and spawning  e s c a p e m e n t .  F i x e d  e f f e c t s ,  two-way and one-way 
a n a l y s i s  o f  v a r i a n c e  models were examined t o  ana lyze  d i f f e r e n c e s  i n  t h e  
mean d a t e s  o f  m i g r a t i o n .  M u l t i p l e  c o m p a r i s o n  a n a l y s i s ,  S c h e f f e ' s  a 
p r i o r i  m e th o d ,  c o r r e l a t i o n ,  a nd  m u l t i p l e  r e g r e s s i o n  a n a l y s e s  w e r e  
employed t o  o b j e c t i v e l y  d e f i n e  the  performance  o f  the f i s h e r y  and the
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escapement i n  t ime and space .
H i g h l y  s i g n i f i c a n t  d i f f e r e n c e s  were  shown t o  e x i s t  be tween the  
t im ings  o f  odd and even p o p u l a t i o n s .  For  each cyc le  y e a r  f o r  b o t h  c a t c h  
and escapement  t h e  management d i s t r i c t s  were shown t o  be h i g h l y  d i s t i n c t  
w i t h  r e s p e c t  t o  t im ing  b e h a v io r .
C o n s i d e r i n g  e ven-cyc le  c a t c h  d a t a ,  the  combined m ig r a to r y  b e h a v io r  
i n  the  Cogh i l l  and Nor thwes te rn  d i s t r i c t s  was shown to  be s i g n i f i c a n t l y  
d i f f e r e n t  from th e  the  combina t ion o f  the remaining d i s t r i c t s .  M u l t i p le  
r e g r e s s i o n  a n a l y s i s  r e v e a l e d  t h a t  t h e s e  two d i s t r i c t s  e x p l a i n e d  99.98% 
o f  t h e  t o t a l  v a r i a t i o n  i n  t h e  soun d -w id e  t i m i n g  b e h a v i o r .  Us ing 
odd-cyc le  c a tc h  d a t a .  N o r the rn ,  C o g h i l l ,  and Nor thwes te rn  combined had a 
h i g h l y  d i s t i n c t  t i m i n g  b e h a v i o r  f r o m  o t h e r  d i s t r i c t s ,  and  t h e y  
c o l l e c t i v e l y  e x p l a i n e d  95.95% o f  t h e  t o t a l  s o u n d -w id e  v a r i a t i o n  i n  
t iming  b e h a v io r .
L i n e a r  c o m b i n a t i o n s  o f  e s c a p e m e n t  d a t a  f o r  h i s t o r i c a l l y  e a r l y  
d i s t r i c t s  were  i d e n t i f i e d  w h i c h  c o l l e c t i v e l y  e x p l a i n e d  a l a r g e  
p e r c e n t a g e  o f  t h e  t o t a l  s o u n d -w id e  v a r i a t i o n  i n  t h e  mean d a t e s  o f  
m ig r a t i o n  f o r  b o t h  cyc le  y e a r s .  Fo r  even-cyc le  e s c a p e m e n t ,  t h e  s u b s e t  
o f  d i s t r i c t s  c o n s i s t e d  o f  E a s t e r n ,  N o r t h e r n ,  and C o g h i l l  w h i l e  f o r  
odd-cyc le  escapement  s e v e r a l  combina t ions  of  E a s t e r n ,  N o r t h e r n ,  C o g h i l l  
and S o u th e a s t e rn  D i s t r i c t s  were s u i t a b l e  f o r  p r e d i c t i v e  p u r p o se s .
I t  was  c o n c l u d e d  t h a t  m i g r a t o r y  t i m i n g  a s  a q u a n t i t a t i v e  
d e s c r i p t i o n  o f  m i g r a t o r y  b e h a v i o r  could be r i g o r o u s l y  compared ac ro s s  
y e a r s  and h a r v e s t  a r e a s .  Severa l  s t a t i s t i c a l  m ode l s  were  shown t o  be 
e x t r e m e l y  ro b u s t  f o r  de te rmin ing  d i f f e r e n c e s  i n  m ig r a to r y  b e h a v io r  when 
the  measures  of  c e n t r a l  tendency o f  the  time d e n s i t i e s  were employed  a s  
m ode led  v a r i a b l e s .  R e s u l t s  o f  the  a n a l y s i s  o f  even and odd c y c l e s  were 
c o n s i s t e n t  w i t h  t h e  g e n e t i c  d i s t i n c t n e s s  between th e s e  two p o p u l a t i o n s ,  
and w i t h  the  h y p o t h e s i s  o f  the  g e n e t i c  h e r i t a b i l i t y  o f  m ig ra to ry  t im ing .
The s t a t i s t i c a l  s y s t e m  o f  a n a l y s i s  i d e n t i f i e d  was shown t o  be  
h i g h l y  a p p r o p r i a t e  f o r  q u a n t i t a t i v e l y  d e s c r i b i n g  t h e  f u n c t i o n a l  
r e l a t i o n s h i p s  b e t w e e n  t i m i n g  b e h a v i o r s  a c r o s s  s p a t i a l  and t e m p o r a l  
d i m e n s i o n s .  I t  was c o n c l u d e d  t h a t  t h i s  system w i l l  se rve  a s  a des ign  
s t a nda rd  f o r  the  comparison o f  m ig r a to r y  b e h a v io r ,  and  t h a t  i t  w i l l  be  
a p p l i c a b l e  t o  the  needs  o f  h a r v e s t  c o n t r o l  f o r  any m ig ra to ry  organism.
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H a r v e s t  c o n t r o l  c a n  b e  v i e w e d  a s  a n  a l g o r i t h m  f o r  t h e  
i n t e r p r e t a t i o n  o f  i n fo rm a t io n  which i s  nsed t o  d i r e c t  the  o p e r a t i o n  of  a 
f i s h e r y  t o w a rd  some o b j e c t i v e  (Mnndy 1 9 8 3 a ) .  I n  c o m m e rc i a l  marine 
f i s h e r i e s ,  the  u l t i m a t e  o b j e c t i v e  i s  the  p r o p e r  d i v i s i o n  o f  a b i o l o g i c  
p o p u l a t i o n  i n t o  two c a t e g o r i e s ,  c a t c h  (dead)  and escapement  ( a l i v e ) .  
The minimum in fo rm a t ion  n e c e s s a r y  t o  achieve  the  o b j e c t i v e s  o f  h a r v e s t  
c o n t r o l  i s  d iv ide d  i n t o  the  c a t e g o r i e s  of s p a t i a l  d i s t r i b u t i o n  (where) ,  
temporal  d i s t r i b u t i o n  (when),  and abundance (how many) w i t h  r e s p e c t  t o  
e a ch  i d e n t i f i a b l e  s to c k  o f  f i s h  and f i s h i n g  ge a r  under  the  j u r i s d i c t i o n  
of  the  h a r v e s t  c o n t r o l  a u t h o r t i t y .  Indeed ,  a r a t i o n a l  system of  h a r v e s t  
c o n t r o l  i s  t h e  f u n d a m e n t a l  r e q u i r e m e n t  o f  a p r o p e r l y  managed f i s h e r y  
(Mundy 1983a) .
H a r v e s t  c o n t r o l  i n  s a l m o n i d  f i s h e r i e s ,  o r  i n  o t h e r  m i g r a t i n g  
organisms,  i s  a problem of  o b j e c t i v e l y  f o r m u l a t i n g  r e g u l a t i o n s  w h ic h  
r e s t r i c t  t h e  t im e  and a re a  of  f i s h i n g .  V i t h i n  the  course  of  a season,  
the h a r v e s t  manager  d i r e c t s  t h e  o p e r a t i o n  o f  t h e  f i s h e r y  t o w a r d  t h e  
a c h i e v e m e n t  o f  t h e  h a r v e s t  o b j e c t i v e  t h a t  i s  e s t a b l i s h e d  by  t h e  
p r o p r i e t o r  of  the  r e s o u r s e .  I n  f i s h e r i e s  o f  t h i s  t y p e ,  i t  i s  o f t e n  t h e  
complement of  t h e  h a r v e s t  o b j e c t i v e ,  t h e  escapement  g o a l ,  t h a t  forms the  
b a s i s  f o r  h a r v e s t  c o n t r o l  d e c i s i o n s .  I n  e i t h e r  c a s e ,  t h e  e x t e n t  t o
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which, the  management agency can  d e f i n e  the  abundance of  s to c k s  and g e a r  
t y p e s  by  a r e a  and t i m e ,  de te rmines  the  a b i l i t y  o f  the  agency to  d i r e c t  
the  f i s h i n g  o p e r a t i o n  toward the  ach ie vem en t  o f  t h e  s p e c i f i e d  h a r v e s t  
o b j e c t i v e  (Mnndy 19 8 3 a ) .
I n  g e n e r a l  t e rm s ,  the h a r v e s t  c o n t r o l  p roce s s  c o n s i s t s  o f  a s e r i e s  
of  d e c i s i o n s  t o  h a r v e s t  or n o t  t o  h a r v e s t .  The c o n s e q u e n c e s  o f  s u c h  
d e c i s i o n s  a re  immediate and i r r e v o c a b l e .  F i s h  t h a t  have been  h a r v e s t e d  
can no longer  c o n t r i b u t e  t o  the  annual  escapement ,  while  those  t h a t  have 
escaped the  f i s h e r y  a re  no l o n g e r  s u s c e p t i b l e  to  commercial h a r v e s t .  I t  
i s  the  dynamic p r o c e s s  of  b a la n c in g  th es e  m utu a l ly  e x c l u s i v e  e v e n t s  on 
t h e  f u l c r u m  o f  s p e c i f i e d  h a r v e s t  g o a l s  t h a t  n e c e s s i t a t e s  p r e c i s e  and 
t im e ly  h a r v e s t  i n fo rm a t io n .
I n  t h e  c a s e  of  matur ing sa lmon ids ,  an a b i l i t y  t o  r i g o r o u s l y  d e f i n e  
t h e  fo rm  o f  t h e  p r o g r e s s i o n  o f  t h e  m i g r a t i o n  t h r o u g h  t im e  i n  e a c h  
h a r v e s t  a r e a  i s  f u n d a m e n t a l  t o  o b j e c t i v e  management  d e c i s i o n s .  In  
f i s h e r i e s  t h a t  ope ra te  over  ve ry  l a r g e  geographic  r e f e r e n c e  f r a m e s ,  t h e  
a b i l i t y  t o  q u a n t i t a t i v e l y  d e f i n e  t h e  s p a t i a l  p r o g r e s s i o n  o f  t h e  
m i g r a t i o n  i s  a l s o  n e c e s s a r y .  Any method which  c o u l d  p r o v i d e  s u c h  
i n f o r m a t i o n ,  and r u l e s  f o r  i t s  implementa t ion,  would be of  s i g n i f i c a n t  
b e n e f i t  t o  the  management agency i n  terms of  the f o rm u la t io n  o f  h a r v e s t  
c o n t r o l  r e g u l a t i o n s  du r ing  the  course  o f  f i s h i n g  o p e r a t i o n s .
The c e n t r a l  o b j e c t i v e  o f  t h i s  s t u d y  i s  t o  i d e n t i f y  and e v a l u a t e  
t h o s e  s t a t i s t i c a l  m e thods  w h ic h  a r e  a p p r o p r i a t e  t o  a r i g o r o u s ,  and 
q u a n t i t a t i v e  c o m p a r i s o n  o f  e m p i r i c a l  m i g r a t o r y  t im e  d e n s i t i e s ,  t h e
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q u a n t i t a t i v e  r e p r e s e n t a t i o n  o f  m i g r a t o r y  b e h a v i o r .  The m ethods  w i l l  
t h e n  be i n c o r p o r a t e d  i n t o  a dynamic sy s te m  of  a n a l y s i s  whose u t i l i t y  
w i l l  be demons tra ted  on the  P r i n c e  V i l l i a m  Sound commercial p i n k  sa lm on  
f i s h e r i e s .  To be s u c c e s s f u l ,  t h e  system must q u a n t i t a t i v e l y  d e s c r i b e ,  
f o r  any  y e a r ,  t h e  f u n c t i o n a l  r e l a t i o n s h i p s  b e tw e e n  t h e  t i m i n g s  o f  
c a t c h e s ,  and spawning  escapements  by geograph ic  a re a  f o r  any a r b i t r a r y  
l e v e l  of  p r o d u c t io n .  Such a d e s c r i p t i o n  would p rov ide  a r a t i o n a l  b a s i s  
f o r  h a r v e s t  c o n t r o l  d e c i s i o n s  which d i r e c t  t h e  o p e ra t i o n s  of  the  f i s h e r y  
toward the  achievement of  c a tc he s  w i t h i n  c o n s e r v a t io n  l i m i t s ,  and w h i c h  
a c h i e v e s  a d i s t r i b u t i o n  o f  spawning  e s c a p e m e n t  t h a t  p r o v i d e s  f u l l  
u t i l i z a t i o n  o f  spawning grounds i n  each a r e a .
P r i n c e  V i l l i a m  Sound,  A l a s k a  i s  the  l o c a t i o n  of  major  commercial 
f i s h e r i e s  f o r  salmon and o t h e r  s p e c i e s .  A l l  f i v e  of  the  P a c i f i c  sa lm on  
s p e c i e s  i n d i g e n o u s  t o  North America (Oncorhvnchus spp .)  occur  i n  t h es e  
w a t e r s ,  among w h ic h  t h e  p i n k  sa lm o n  ((K. g o r b u s c h a ) i s  o f  g r e a t e s t  
economic  i m p o r t a n c e .  L e s s e r  f i s h e r i e s  e x i s t  f o r  chum ( O . k e t a ) and 
s o c k e y e  (O . n e r k a ) . P i n k  sa lm on  u s u a l l y  c o n s t i t u t e  n i n e t y  p e r c e n t ,  by 
num ber ,  o f  t h e  annual  salmon m ig r a t i o n  i n t o  P r in c e  V i l l i a m  Sound. Chum 
a n d  s o c k e y e  a c c o u n t  f o r  a p p r o x i m a t e l y  s i x  a n d  t h r e e  p e r c e n t ,  
r e s p e c t i v e l y .  L e s s  t h a n  one p e r c e n t  i s  a t t r i b u t e d  t o  c h i n o o k  ( 0 .  
t ' s l r a w v t s c h a ) and  coho ((K k i s u t c h ) c om b ine d .  T o t a l  a n n u a l  numbers 
( c a t c h  p l u s  e s ca p e m e n t )  f o r  p in k  salmon from 1960 t o  1982 averaged 7 .8  
m i l l i o n  (S = 6 . 1 ) .  The e x - v e s s e l  economic va lue  of commercial c a t c h  f o r  
n a t u r a l  r e t u r n s  of  p ink  salmon dur ing  t h i s  p e r i o d  i s  e s t i m a t e d  t o  be 8.9 
m i l l i o n  d o l l a r s  p e r  s e a s o n  ( b a s e d  on an h i s t o r i c  a v e r a g e  c o m m e rc i a l  
c a t c h  o f  6 . 2  m i l l i o n  (S = 5 . 6 ) ,  a weight  of  3 . 9  pounds p e r  f i s h  and a
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p r i c e  o f  0 .37  d o l l a r s  p e r  pound) (Anonymous 1982) .
F i s h e r i e s  management  i n  P r i n c e  Wil l iam Sound i s  c h a r a c t e r i z e d  by 
e x t r a o r d i n a r y  c o m p l e x i t y .  H a r v e s t  c o n t r o l  o p e r a t i o n s  m u s t  f u n c t i o n  
u n d e r  a v a r i e t y  o f  c o m p e t in g  b i o l o g i c a l ,  e c o n o m ic ,  and g e o g r a p h i c  
c o n s t r a i n t s .  The Alaska  Department  of F i s h  and Game (ADF&G) o f f i c e  i n  
Cordova i s  r e s p o n s i b l e  f o r  approx imate ly  38,000 square  m i l e s  o f  c o a s t a l  
w a t e r s  and i n l a n d  d r a i n a g e s ,  i n  w h ic h  more t h an  800 t r i b u t a r i e s  have 
been  i d e n t i f i e d  as  sources  of  p i n k  salmon p r o d u c t i o n  (Noerenberg,  1961) .  
F i s h e r i e s  o c c u r  i n  e l e v e n  m a j o r  management d i s t r i c t s  co r respond in g  to  
the  l o c a l  geography  and d i s t r i b u t i o n  o f  t h e  f i v e  s p e c i e s  o f  P a c i f i c  
s a l m o n  h a r v e s t e d  by t h e  c om m e rc ia l  f i s h e r y  (Anonymous 1 9 8 2 ) .  The 
g e o g r a p h i c  c o m p o n e n t  o f  t h e s e  c o n s t r a i n t s  i s  e x p r e s s e d  i n  t h e  
d i f f i c u l t i e s  e n c o u n t e r e d  i n  d i r e c t i n g  t h e  o p e r a t i o n s  o f  the  f i s h e r y  
w i t h i n  t h e s e  e l e v e n  d i s t r i c t s .  A d d i t io n a l  dimensions of  complex i ty  have 
been  imposed by the  development  of  f i v e  major  h a t c h e r y  f a c i l i t i e s  and by 
changes i n  p r o d u c t i v i t y  c r e a te d  by the  c a t a s t r o p h i c  e a r thquake  o f  March 
27,  1964.
H a t c h e r y  r a c e s  o f  s a l m o n  w i t h  s i m i l a r  m i g r a t o r y  t i m i n g  and 
m i g r a t i o n  r o u t e s  o c c u r  c o i n c i d e n t a l l y  w i t h  n a t u r a l  s t o c k s  i n  t h e  
f i s h e r y .  O p t i m a l  u t i l i z a t i o n  of  t h es e  s tocks  i s  ach ieved  w i t h  h ig h e r  
e x p l o i t a t i o n  r a t e s  than  those  a p p l i e d  t o  n a t u r a l  s t o c k s .  R e g u l a t o r y  
c o m p l e x i t y  i s  i m p o s e d ,  c o n s e q u e n t l y ,  b y  t h e  n e c e s s i t y  o f  t h e  
d i s t r i b u t i o n  and a l l o c a t i o n  of  v a r i o u s  l e v e l s  o f  f i s h i n g  e f f o r t  among 
s tocks  of  w ide ly  d i f f e r i n g  optimum e x p l o i t a t i o n  r a t e s  (Wright  1981) .
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E f f e c t i v e  apport ionment  o f  e f f o r t ,  o f  c o u rs e ,  must  c o n s id e r  s p a t i a l  
a s  v e i l  a s  t emporal  d imens ions .  A number o f  a u th o r s  ( see  K i l l i c k  1955, 
A l e x a n d e r s d o t t i r  and M a t h i s e n  1982)  have  s u g g e s t e d ,  i n  t h e  c a s e  o f  
m a t u r i n g  s a l m o n i d s ,  t h a t  e a c h  s t o c k  ( g e o g r a p h i c  i s o l a t e )  may have a 
c h a r a c t e r i s t i c  m ig r a to r y  t im in g .  H arves t  r e g u l a t i o n s ,  t h e r e f o r e ,  m us t  
a l s o  be d i r e c t e d  a t  a c h i e v i n g  a p r o p o r t i o n a t e  d i s t r i b u t i o n  o f  c a tc h  
th rough  t ime in  an a t t e m p t  t o  a v o i d  d i f f e r e n t i a l  e x p l o i t a t i o n  o f  t h e  
s t o c k s .
The management o b j e c t i v e  i n  P r in c e  V i l l i a m  Sound f o r  b o t h  sympat r i c  
and s u p p le m e n ta l ly  produced f i s h  i s  t o  m a i n t a i n  and enhance sa lm on  r u n s  
by t h e  achievement of  d e s i r e d  escapement  goa ls  f o r  each s to c k  component, 
w h i l e  a l l o w i n g  o r d e r l y  h a r v e s t  o f  a l l  f i s h  s u r p l u s  t o  s p a w n i n g  
r e q u i r e m e n t s .  I d e a l l y ,  t h i s  o b j e c t i v e  wou ld  be b e s t  a c h i e v e d  by 
m anag ing  t h e  sa lm on  e s c a p e m e n t  on a s t r e a m - b y - s t r e a m  b a s i s  w i t h  a 
' t e r m i n a l  a rea  f i s h e r y '  f o r  each s t ream ( V r igh t  1981,  Schnute and S i b e r t  
1983) .  L o g i s t i c  and economic l i m i t a t i o n s  imposed by the  r e q u i r e m e n t  t o  
f o r m u l a t e  c o m p l e x  r e g u l a t i o n s  a c r o s s  an  a r e a  o f  s u c h  g e o g r a p h i c  
complex i ty ,  however,  p r e c lu d e  t h i s  type of  c o n t r o l .  R e g u la to ry  a c t i o n ,  
c o n s e q u e n t l y ,  c a n  p r e s e n t l y  c o n t r o l  f i s h i n g  o p e r a t i o n s  o n l y  on the  
d i s t r i c t  l e v e l ,  w i t h  minor  e x c e p t io n s .
H a r v e s t  management  i n  P r i n c e  V i l l i a m  Sound r e q u i r e s  a f l e x i b l e ,  
r i g o r o u s ,  and  q u a n t i t a t i v e  d e f i n i t i o n  o f  t h e  r e l a t i o n  b e t w e e n  t h e  
p r o g r e s s i o n  o f  c a t c h  a n d  s p a w n i n g  e s c a p e m e n t  i n  t im e  and s p a c e .  
Knowledge of  t h e  m ig r a to r y  t iming of  the  t a r g e t  s p e c i e s  i n  each d i s t r i c t  
i s  paramount  t o  such model development ,  s in c e  the  aim of h a r v e s t  c o n t r o l
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i s  t o  d e f i n e  the  r e l a t i o n  between the  t i m i n g s  o f  c a t c h  and  e s c a p e m e n t  
f o r  a s  many a r e a s  a s  t h e  d a t a  p e r m i t .  The f o r m u l a t i o n  o f  f i s h i n g  
r e g u l a t i o n s  w h i c h  m in i m i z e  e r r o r s  i n  t h e  a t t a i n m e n t  o f  s p a w n i n g  
e s c a p e m e n t  o b j e c t i v e s  a c ro s s  temporal  and s p a t i a l  dimensions,  and which 
a l low th e  f l e e t  t o  t ake  the  maximum p o s s i b l e  h a r v e s t ,  mus t  r e l y  on t h e  
d e f i n i t i o n  o f  t h e  r e l a t i o n s  b e t w e e n  t h e  t i m i n g s  o f  c a t c h e s  and 
escapements .
The f o l l o w i n g  s p e c i f i c  o b j e c t i v e s  and q u e s t i o n s  t o  be addressed  by 
t h i s  s tudy  w i l l  each  be e va lua ted  f o r  d i f f e r e n c e s  b e tw e e n  t h e  a v e r a g e  
performance a c ro s s  t h e  even-year ,  and th e  odd-yea r  brood cyc le s  f o r  p ink  
salmon;
(1 )  To wha t  e x t e n t  do c a tc h  and spawning escapement  da ta  a l low  the 
d e s c r i p t i o n  of  t h e  f i s h i n g  opera t io n?
(2 )  Are t h e r e  s i g n i f i c a n t  d i f f e r e n c e s  i n  the  mean d a te s  of  ca tches  
and spawning escapements  between d i s t r i c t s .  I f  so ,  which d i s t r i c t s  a r e  
s i m i l a r ,  and which a r e  d i f f e r e n t ?
(3) Determine th e  t iming of  c a t c h e s ,  and spawning escapements among 
the  management d i s t r i c t s .
( 4 )  D e t e r m i n e  t h e  i n d i v i d u a l  c o n t r i b u t i o n  o f  t h e  management 
d i s t r i c t s  t o  the  o v e r a l l ,  sound-wide t iming b e h a v io r .
(5 )  Are t h e r e  l i n e a r  combinat ions of t h e  e i g h t  d i s t r i c t s  which can 
be  u s e d  t o  p r e d i c t  t h e  t i m i n g s  o f  c a t c h e s  a n d  e s c a p e m e n t s  on  a 
sound-wide b a s i s ?
(6)  D e t e r m i n e  t h e  n a t u r e  o f  t h e  r e l a t i o n ,  i f  a n y ,  b e tw e e n  t h e  
t im ings  of  c a t c h e s ,  and spawning escapements among d i s t r i c t s .
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M igra to ry  Timing
The b a s i c  o p e r a t i o n a l  hypo th es i s  governing t h i s  a n a l y s i s  ho lds  t h a t  
m i g r a t o r y  b e h a v i o r  i n  s a l m o n i d s  i s  a g e n e t i c a l l y  t r a n s m i t t e d ,  
e n v i r o n m e n t a l l y  m e d i a t e d ,  a d a p t i v e  r e s p o n s e  o f  t h e  p o p u l a t i o n  ( s e e  
L e g g e t t  1977;  Mundy 1979, 1982) .  The t ime of  a r r i v a l  i n  the  f i s h e r y  of  
the  members o f  a m i g r a t o r y  s t o c k  i s  a n  i n h e r i t e d  t r a i t  t h a t  may be 
i n f l u e n c e d  by a b i o t i c  o r  p h y s i c a l  f a c t o r s .  M ig ra to ry  t ime d e n s i t i e s  
a c r o s s  t im e  and s p a c e ,  t h e r e f o r e ,  may be s u f f i c i e n t l y  d i s t i n c t  and 
c o n s e r v a t i v e  t o  s e r v e  a s  r e l i a b l e  c l a s s i f i c a t o r y  c h a r a c t e r i s t i c s  of  
m ig ra to ry  s p e c i e s .
The e v a l u a t i o n  o f  t h i s  m i g r a t o r y  b e h a v i o r  from commercial c a tc h  
d a ta  i n t r o d u c e s  t h e  v a r i a b i l i t y  o f  r e g u l a t o r y ,  e c o n o m ic ,  and s o c i a l  
f a c t o r s  w h ic h  may o b s c u r e  i t s  fundamental  form.  While i t  i s  r e a l i z e d  
t h a t  t h i s  v a r i a b i l i t y  may be p r e s e n t ,  i t  i s  as sum ed  t h a t  i t  i s  t h e  
sourse  of  only a smal l  c o n s ta n t  b i a s .
I n  P a c i f i c  salmon f i s h e r i e s ,  management o p e r a t i o n s  a r e  n e c e s s a r i l y  
d r iv e n  by the  dominant  a s p e c t  o f  b e h a v i o r  o f  t h e  t a r g e t  s p e c i e s ,  t h e  
m i g r a t o r y  t i m i n g  o r  a b u n d a n c e  p e r  u n i t  t i m e  (Mundy 1 9 8 2 ) .  The 
r e p r e s e n t a t i o n  o f  an annual  m i g r a t i o n  i n  t e r m s  o f  a bunda nce  p e r  u n i t  
t im e  and i t s  a p p l i c a t i o n  as  an o b j e c t i v e  h a r v e s t  c o n t r o l  t o o l  has  been 
demonst rated  i n  a number o f  c om m e rc ia l  m a r i n e  a p p l i c a t i o n s  (Vaughan 
1954;  R o b e r s o n  and  F r i d g e n  1974;  W a l t e r s  a nd  Buckingham 1975; Mundy 
1979; Mundy 1982; Mundy and Mathisen 1981; Hornbe rger  and Math isen 1982;
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Brannian 1982; Schnute and S i e b e r t  1983) .
The e m p i r i c a l  methodology ba sed  on c a tc h  and e f f o r t  d a t a ,  w h i c h  i s  
u s e d  t o  c h a r a c t e r i z e  t h e  m i g r a t o r y  b e h a v i o r  of  the  t a r g e t  s p e c i e s  i n  
Alaskan salmon f i s h e r i e s  i s  g iven  by Unndy (1984) .  Migra to ry  t i m i n g  i s  
d e f i n e d  a s  t h e  a bunda nce  a s  a f u n c t i o n  o f  t ime i n  a f i x e d  geograph ic  
r e f e r e n c e  frame f o r  a s i n g l e  l i f e  h i s t o r y  s t a g e  o f  a p o p u l a t i o n  whose 
a bundance  may be  m e a s u r e d  f rom  t h a t  l o c a l e  (Mundy 1979) . The d a i l y  
p r o p o r t i o n  of  c a t c h  (o r  c a t c h - p e r - u n i t - e f f o r t )  p e r  u n i t  t im e  i s  t e r m e d  
the  ' t im e  d e n s i t y ' .
The t im e  d e n s i t y  i s  a n  e m p i r i c a l  p r o b a b i l i t y  d e n s i t y  f u n c t i o n  i n  
the  t ime domain w i t h  v a r i a b l e  t £  ( d a t e  of  c a p tu re )  which can  be d i s c r e t e  
or  cont inuous  depending on the  magnitude o f  the t ime i n t e r v a l  em p lo y e d .  
T h i s  f u n c t i o n  a s s i g n s  a p r o b a b i l i t y  t o  e a c h  o f  t h e  e l e m e n t s  of  the  
random v a r i a b l e  T ( t i m e )  i n  i t s  s p a c e  R; t j  e T i n  space R. I f  the  
a r r i v a l  o f  a s i n g l e  i n d i v i d u a l  i n  t h e  f i s h e r y  on the  i - t h  t ime i n t e r v a l  
( i  = 1 t o  m) i s  d e f i n e d  a s  a n  e v e n t  w i t h  outcome t j ,  and n j  i s  the  
number o f  such e v e n t s ,  t h en  the  e m p i r i c a l  p r o b a b i l i t y  d e n s i t y  f u n c t i o n  
( t ime d e n s i ty )  o f  T i s :
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E q u i v a l e n t l y ,  P(T=t£)  = p j  where,  p j  i s  the  p r o b a b i l i t y  a s s o c i a t e d  w i th  
the  outcome t ^ .  Thus, t h e  t ime d e n s i t y  of  t h e  random v a r i a b l e  T a s s igns  
an e m p i r i c a l  p r o b a b i l i t y  measure t o  each e l e m e n t  i n  t h e  s p a c e  E o f  T. 
The random v a r i a b l e  T,  t h e r e f o r e ,  h a s  a d i s t r i b u t i o n  of  p r o b a b i l i t y  
a s s o c i a t e d  w i th  the space R.
We n o t e  t h a t  f ( t )  i s  a r e a l - v a l u e d  f u n c t i o n  which s a t i s f i e s  the  
p r o p e r t i e s  o f  a p r o b a b i l i t y  d e n s i t y  f u n c t i o n  (Hogg and  T a n i s  1977) 
s in c e ,  f ( t )  = P ( T = t £ ) , t j  e R:
(1) f ( t )  > 0 t i  e R
(2) J  f ( t )  = 1
teR
(3) P(T e A) = ^  f ( t )  where,  AeR.
teA
When each o b s e r v a t i o n  i s  t h e  sum of  t h e  p r o b a b i l i t y  (o r  p ro p o r t io n )  
of the  c u r r e n t  t ime i n t e r v a l ,  and a l l  p r ec e e d ing  p r o b a b i l i t i e s ,  t he  t ime 
s e r i e s  i s  termed th e  cumula t ive  t ime d e n s i t y  o r  performance curve (Mundy 
1983) .  By a n a lo g y ,  t h e r e f o r e ,  t h e  e m p i r i c a l  c u m u l a t i v e  p r o b a b i l i t y  
d e n s i t y  f u n c t i o n  ( cd f )  i s :
F ( t )  = P(TSt)  = N(n i :  t ^ t )  /  n (2)
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w h e r e ,  n  and n j  a r e  as p r e v i o u s l y  d e f i n e d ,  and N r e p r e s e n t s  the number 
even ts  de f in e d  w i t h i n  the  p a r e n t h e s e s .  The cumula t ive  d e n s i t y  f u n c t i o n ,  
t h e r e f o r e ,  r e p r e s e n t s  t h e  number of  even ts  (n^) w i th  outcomes t j  t h a t  
a r e  l e s s  t h an  or  equal  t o  t  d iv id e d  by the t o t a l  number of  outcomes ( n ) .
The m e a s u r e  o f  c e n t r a l  t e n d e n c y ,  or  mean d a te  of  c a p tu r e ,  of  the  
time d e n s i t y  i s  r e p r e s e n t e d  by:
m
E(T) = t  = J  t t  f ( t j ) ,
i= l
(3)
w h i l e  t h e  m e a s u r e  o f  d i s p e r s i o n ,  o r  v a r i a n c e ,  o f  t h e  d i s t r i b u t i o n  
f u n c t i o n  i s :
m
V(T) = S* = ^  ( t j - t ) *  f ( t i ) . 
i= l
(4)
To model  t h e  m i g r a t o r y  b e h a v i o r  i n  t e r m s  of  p r o p o r t i o n  of  t o t a l  
abundance as  a f u n c t i o n  of  t ime i s  a s i g n i f i c a n t  achievement  i n  t h a t  the 
m i g r a t i o n  i s  no longer  measured w i t h  t h e  dimension,  number of f i s h ,  b u t
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i s  s o l e l y  m e a s u r e d  i n  t h e  d i m e n s i o n  o f  t i m e .  Annua l  m i g r a t i o n s  o f
salmon, t h e r e f o r e ,  may be c o n v e n ie n t ly  and e x p l i c i t l y  des c r ib ed  in  terms
-  2 
o f  t h e  mean ( t )  and v a r i a n c e  (S ) of  the  t ime d e n s i t y .
The  b a s i c  p r e m i s e  u n d e r l y i n g  t h i s  a n a l y s i s  i s  t h a t  m i g r a t o r y  
t im in g ,  as a q u a n t i t a t i v e  d e s c r i p t i o n  of  m ig r a to r y  b e h a v io r ,  can p rov ide  
t h e  b a s i s  f o r  a c o m p a r a t i v e  a n a l y s i s  o f  m i g r a t i o n s  a c r o s s  t ime  and 
space .  M i g r a t o r y  t i m i n g  by d e f i n i t i o n ,  h o w e v e r ,  i s  s p e c i f i e d  w i t h  
r e s p e c t  t o  a s i n g l e ,  f i x e d  g e og ra ph ic  r e f e r e n c e  frame. Demonstrat ing 
t h e  u t i l i t y  o f  t h e  t im e  d e n s i t y  f u n c t i o n  a s  a c o m p a r a t i v e  t o o l  i n  
f i s h e r i e s  w h i c h  o p e r a t e  over  d i f f e r e n t  geographic  r e f e r e n c e  frames,  or  
between d i f f e r e n t  f i s h e r i e s ,  i s  the  p r i n c i p a l  o b j e c t i v e  o f  t h i s  s t u d y .  
Note t h a t  ' d i f f e r e n t  geograph ic  r e f e r e n c e  f ra m es '  i s  used i n  the  gener ic  
s e n s e .  I t  c o u l d ,  f o r  i n s t a n c e ,  a l s o  d e n o t e  d i f f e r e n t  c l a s s e s  o f  
m ig ra to ry  t ime d e n s i t i e s  w i t h i n  a s i n g l e  p o i n t  i n  space ,  i . e .  t h a t  based  
on c a tc h ,  GPUE, or  spawning escapement ,  f o r  example.
The q u e s t i o n  o f  t h e  r e l i a b i l i t y  o f  t h e  s t a t i s t i c s  of  m ig ra to ry  
t iming i s  ve ry  c r u c i a l  t o  the  a n a l y s i s  o f  P r i n c e  W i l l i a m  Sound .  I n  a 
s i m u l a t i o n  s tudy  of  the  Yukon River  chinook salmon f i s h e r y ,  B u t t  (1984) 
found t h a t  e s t i m a t e s  of  the  mean d a te  o f  m i g r a t i o n  were  w i t h i n  35% o f  
t h e  t r u e  mean o f  the  p o p u l a t i o n  i f  t h e  t ime domain was randomly sampled 
a t  a r a t e  g r e a t e r  than  12%. Sampling randomly 50%, and 75% o f  t h e  t im e  
dom ain ,  t h e  e s t i m a t e s  of  the  t r u e  p o p u l a t i o n  mean da te  were w i t h i n  2%, 
and l e s s  t h a n  1%, r e s p e c t i v e l y .  B u t t ' s  a n a l y s i s  a s s u m e d  a 100% 
e x p l o i t a t i o n  r a t e  o f  a l l  a v a i l a b l e  f i s h  on e a c h  d a t e  sampled, and a 
non-vary ing  c a t c h a b i l i t y  c o e f f i c i e n t  q , du r ing  the course o f  the  season.
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S c h a l l e r  (1984) ,  i n  a s im u l a t io n  s tudy  of  the Copper R i v e r  s o c k e y e  
f i s h e r y ,  found t h a t  t h e  mean d a t e  of  m ig r a t i o n  was a h i g h ly  c o n s e r v a t i v e  
p r o p e r t y  o f  m i g r a t o r y  b e h a v i o r .  E s t i m a t e s  o f  t h e  mean o f  t h e  t im e  
d e n s i t y ,  he f o u n d ,  were  i n d e p e n d e n t  o f  t h e  r a t e  o f  m ig r a t i o n  of  the  
t a r g e t  s p e c i e s ,  p a t t e r n s  o f  f i s h i n g  e f f o r t ,  and a v a r i a b l e  c a t c h a b i l i t y  
c o e f f i c i e n t ,  q ,  a s  l o n g  a s  a t h r e s h o l d  e x p l o i t a t i o n  r a t e  of  70% was 
ach ieved .
H i g h l y  c o n s e r v a t i v e  e s t i m a t e s  o f  r a t e s  o f  e x p l o i t a t i o n  f o r  t h e  
commercial p i n k  salmon f i s h e r i e s  i n  P r in c e  V i l l i am  Sound (1969  -  1982)  
averaged 81% (S = 8 . 3 ) ,  and 77% (S = 7 .7 )  f o r  the  even-year  and odd-yea r  
c y c l e ,  r e s p e c t i v e l y .  Sample e s t i m a t e s  f o r  t h e  m e a n  o f  t h e  t i m e  
d e n s i t i e s ,  t h e r e f o r e ,  a r e  l i k e l y  t o  be e x t r e m e l y  r e l i a b l e .  A 
c o n t r i b u t i n g  f a c t o r  i n  t h i s  r e g a r d  i s  t h a t  t h e  r e g u l a t o r y  a g e n c y  i n  
P r i n c e  V i l l i a m  S o u n d  i n t e n t i o n a l l y  m a n a g e s  f o r  a p r o p o r t i o n a t e  
d i s t r i b u t i o n  o f  e f f o r t  t h r o u g h  t i m e ,  w h i c h  f u r t h e r  i m p r o v e s  t h e  
r e l i a b i l i t y  of  t h e  e s t i m a t e  of the  mean d a te  of  m ig r a t i o n .
The mean o f  t h e  t ime d e n s i t y  i s  a most promising s t a t i s t i c  f o r  the  
c o m p a r a t i v e  a n a l y s i s  o f  m i g r a t o r y  b e h a v i o r .  As a n  e s t i m a t o r ,  i t  
p o s s e s s e s  a l l  o f  t h o s e  c h a r a c t e r i s t i c s  i d e n t i f i e d  a s  b e i n g  mos t  
d e s i r a b l e .  I n  a d d i t i o n  t o  i t s  unb iased  and c o n s i s t e n t  p r o p e r t i e s ,  i t  
i s ,  u n e x p e c t e d l y ,  h i g h l y  r e s i s t a n t  t o  f a c t o r s  w h ic h  c o n t r i b u t e  
v a r i a b i l i t y  t o  t h e  b a s i c  g e n e t i c  e x p r e s s i o n  o f  m i g r a t o r y  b e h a v i o r .  
P r a c t i c a l l y ,  i t  b e n e f i t s  f rom b e i n g  e a s i l y  e s t i m a b l e  and  r e a d i l y  
unders tood .
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The P ink Salmon
Pink salmon d i s p l a y  a unique l i f e  h i s t o r y  t r a i t  r e l a t i v e  t o  o t h e r  
s a l m o n i d s ,  t h e y  spawn and d i e  i n  t h e i r  s e cond  y e a r  o f  l i f e .  Two 
g e n e t i c a l l y  d i s t i n c t  l i n e s  ( o d d - y e a r  and  e v e n - y e a r  s p a w n e r s )  e x i s t  
( A l tu k h o v  and Salmenkova 1981;  A l e x a n d e r s d o t t i r  and Mathisen 1982) .  I n  
c o n t r a s t  t o  o t h e r  P a c i f i c  salmon, p i n k  salmon m i g r a t i o n s  o f  c o m m e rc i a l  
i m p o r t a n c e  o c c u r  i n  b o t h  e v e n  and odd numbered ( o r  c y c l e )  y e a r s .  
C o n s i d e r i n g  t h e  g e n e t i c  i n h e r i t a b i l i t y  o f  m i g r a t o r y  t i m i n g ,  i t  i s  
i n c o n s i s t e n t  w i t h  t h e  b a s i c  o p e r a t i o n a l  h ypo thes i s  t o  combine even-year  
and odd-year  h a r v e s t  d a t a  when g e n e ra t in g  m ig ra to ry  t ime d e n s i t i e s .  The 
m o d e l s  c o n s t r u c t e d  and  a n a l y z e d  by  t h i s  s t u d y ,  t h e r e f o r e ,  w i l l  be  
a p p l i e d  t o  even-year  and odd-year  c y c le s  i ndependen t ly .
P i n k  sa lm o n  u t i l i z e  i n t e r t i d a l  a r e a s  to  f o r  spawning. V i r t u a l l y  
a l l  s t r e a m s  i n  P r i n c e  W i l l i a m  Sound w i t h  y e a r  r o u n d  f l o w ,  g r a v e l  
s u b s t r a t e ,  a n d  m o d e r a t e  i n t e r t i d a l  g r a d i e n t  have  p i n k  spawning  
p o p u l a t i o n s  (Anonymous 1975)  . A l e x a n d e r s d o t t i r  and M a t h i s e n  (1982)  
s u g g e s t  t h a t  s e p a r a t e  p o p u l a t i o n  com ponents  o f  p i n k  s toc ks  occur  i n  
s t reams  l o c a t e d  w i t h i n  a d e f i n e d  g e o g r a p h i c  a r e a  and h a v i n g  spaw n ing  
t i m e s  s i m i l a r  t o  e a c h  o t h e r .  E a r l y ,  m idd le  and l a t e  runs  ( t h e  term,  
r u n ,  i s  a synonym f o r  m i g r a t i o n )  o f  p i n k  salmon a r e  d i s t r i b u t e d  by  
g e o g r a p h i c  z o n e s  a s s o c i a t e d  w i t h  d i f f e r e n t  s t ream tem pera tu re  regimes 
(Sheridan  1962; Anonymous 1975) .  E a r ly  runs  (peaking 7 /2 0 -8 /5 )  occur  i n  
a few f i o r d s  o f  the n o r t h e r n  main land .  Middle runs  ( p e a k i n g  8 / 6 - 8 / 2 0 )  
u t i l i z e  m os t  l a r g e ,  c o l d  m o u n t a i n  s t r e a m s  w h i l e  l a t e  r u n s  (peak ing
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8/20-9 /10 )  occupy the  m a j o r i t y  of  i s l a n d ,  main land  and l a k e  fed  s t r eam s .  
Long t e r m  t r e n d s  i n  c y c l e  o r  s i n g l e  y e a r  dominance  f a v o r  e ve n -ye a r  
s to cks  (Anonymous 1975; McCurdy 1981;  Anonymous 1983a) .
On March 27, 1964 an ea r thquake  of  severe  i n t e n s i t y ,  m e a s u r in g  8 .5  
on  t h e  R i c h t e r  s c a l e ,  s t r u c k  P r i n c e  V i l l i a m  Sound.  T o p o g r a p h ic  
ad jus tm en t s  oc cur red  i n  bo th  h o r i z o n t a l  and  v e r t i c a l  d i r e c t i o n s .  The 
s e aw a rd  s h i f t  was a s  much as  64 f e e t  w h i l e  e l e v a t i o n s  changed from -6  
f e e t  i n  W h i t t i e r  t o  +32 f e e t  n e a r  Montague i s l a n d  ( F i g .  1 ) .  Of t h o s e  
t r i b u t a r i e s  i d e n t i f i e d  a s  m a j o r  s o u r c e s  o f  p i n k  s a lm on  p r o d u c t i o n ,  
a pprox im ate ly  62% e xpe r ienc e d  u p l i f t  f rom  3 t o  32 f e e t ,  19% s u b s i d e d  
from 2 t o  6 f e e t ,  and 19% remained e s s e n t i a l l y  unchanged ( -1  t o  +2 f e e t )  
(Anonymous 1975; Anonymous 1983a) .
I n t e r t i d a l  spawning  and  r e a r i n g  e n v i r o n m e n t s  u t i l i z e d  by p i n k  
salmon were h e a v i l y  i m p a c t e d .  A l t e r a t i o n s  r a n g e d  from t h e  c o m p l e t e  
r e m o v a l  o f  t i d a l  i n f l u e n c e  t h r o u g h  u p l i f t  t o  t h e  e l i m i n a t i o n  o f  
i n t e r t i d a l  and f re s h w a te r  env ironments  th rough  subs idence  and subsequent  
s a l t w a t e r  i n u n d a t io n  (Noerenberg and O ss iande r  1964;  McCurdy 1983) .  The 
n e t  e f f e c t ,  however , was t o  i n c r e a s e  t h e  amount  o f  p o t e n t i a l  spawning  
a r e a  by  s e v e r a l  m i l l i o n  s q u a r e  m e t e r s  a s  a r e s u l t  o f  t h e  o v e r a l l  
leng then ing  o f  s t ream cou rses  (Anonymous 1975; Anonymous 1983a) .  I t  may 
take  many y e a r s  t o  r e a l i z e  t h i s  p o t e n t i a l ,  s i n c e  u p l i f t e d  i n t e r t i d a l  
z one s  m us t  s t a b i l i z e  and  r e h a b i t a t i o n  must  occur  b e f o r e  p r o d u c t i o n  of  
p in k  salmon can beg in .
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The a l t e r e d  i n t e r t i d a l  a r e a  r e s u l t e d  i n  r e v e r s e d  p r o d u c t i v i t y  r a t e s  
i n  f avor  o f  odd-yea r  s tocks  which u t i l i z e ,  t o  a g r e a t e r  e x t e n t ,  upstream 
or  f r e s h w a te r  spawning grounds (Noerenberg 1963)  . These  e n v i r o n m e n t s  
e x p e r i e n c e d  l e s s  a l t e r a t i o n  th an  the  i n t e r t i d a l  zones i n  t h e  a f t e rm a th  
of  the  ea r thquake .  Not s u r p r i s i n g l y ,  t h e  m ig r a to r y  t iming  of  the  annual  
m i g r a t i o n  f o r  b o t h  s t o c k s  was a f f e c t e d .  Com par i sons  o f  m i g r a t o r y  
behav io r  p r i o r  t o  the  ea r thquake  to  subsequent  b e h a v io r  f o r  p in k  s to c k s ,  
c o n s e q u e n t l y ,  a r e  n o t  v a l i d  (Noerenberg and O ss iande r  1964; Roys 1968; 
McCurdy 1983) .
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Figure 1. Topographic adjustments due to the earthquake of March 27, 1964.
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STUDY AREA AND FISHERY DESCRIPTION
Loca ted i n  the s o u t h - c e n t r a l  a re a  of  Alaska,  P r i n c e  V i l l i a m  Sound 
i s  a r e g i o n  of  g r e a t  economic importance i n  n a t u r a l  r e s o u r c e s ,  o f  which 
the  salmon f i s h e r y  i s  t h e  m ains tay  o f  the economy. Of the  f i v e  s p e c i e s  
o f  P a c i f i c  sa lm on  (On-c-orhvnchus s p p . )  i n d i g e n o u s  t o  t h i s  a r e a ,  p ink  
s a lm on  c o n s t i t u t e  an  ave rage  n i n e t y  p e r c e n t  (1960-1982) ,  by number, of 
the  annual  salmon m i g r a t i o n  (Anonymous 1982) .
The s o u n d  i s  a r e l a t i v e l y  d e e p ,  i s l a n d  s t u d d e d  embayment  o f  
s u b s t a n t i a l  c o m p l e x i t y ,  s h a p e d  o v e r  t i m e  b y  g l a c i a l  a c t i v i t y ,  
e a r t h q u a k e s ,  and m e l t w a t e r  r u n o f f .  Commercial  f i s h e r i e s  management, 
se a te d  i n  Cordova, has  j u r i s d i c t i o n  over  a l l  c o a s t a l  w a t e r s  and  i n l a n d  
d r a i n a g e s  on the  n o r t h - c e n t r a l  Gul f  o f  Alaska between Cape Suckl ing and 
Cape F a i r f i e l d  c o n s i s t i n g  o f  t h e  B e r i n g  R i v e r ,  t h e  Coppe r  R i v e r ,  and 
P r i n c e  V i l l i a m  Sound ( F i g .  2 ) .  These w a te r s h e d s ,  t o g e t h e r  w i t h  t h e i r  
a d j a c e n t  l a n d  a r e a ,  r e p r e s e n t  an a p p r o x i m a t e  a r e a  o f  3 8 , 0 0 0  s q u a r e  
m i l e s .  The r e g i o n  c o n s i s t s  of  e l e v e n  management d i s t r i c t s  corresponding  
t o  the  l o c a l  geography and d i s t r i b u t i o n  o f  the  f i v e  s p e c i e s  h a r v e s t e d  by 
t h e  c o m m e rc i a l  f i s h e r y .  The management o b j e c t i v e  f o r  a l l  d i s t r i c t s  i s  
the  achievement  of  d e s i r e d  escapement  g oa ls  f o r  each s toc k  component  o f  
t h e  a n n u a l  m i g r a t i o n  and t h e  f u l l  u t i l i z a t i o n  of  f i s h  which a re  su rp lu s  
t o  these  needs (Anonymous 1982) .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Figure 2. Prince William Sound Management Region.

























1. Bering River 6. Northwestern
2. Copper River 7. Eshamy
3. Eastern 8. Southwestern
4. Northern 9. Montague




Of the  e l e v e n  management  d i s t r i c t s  w h ic h  c o n s t i t u t e  t h e  P r i n c e  
V i l l i a m  Sound r e g i o n ,  t h e  a n n u a l  p i n k  sa lm on  c o m m e rc i a l  h a r v e s t  i s  
r e s t r i c t e d ,  a lmos t  e n t i r e l y ,  t o  e ig h t  d i s t r i c t s  known as  P r i n c e  V i l l i a m  
Sound p r o p e r ,  (1) E a s t e r n ,  (2) N or the rn ,  (3) C o g h i l l ,  (4) Northwes tern,  
(5) Eshamy, (6) Southwes tern,  (7) Montague, and (8)  S o u t h e a s t e r n  ( F i g .
3 ) .  Only i n c i d e n t a l  c a t c h e s  o f  p i n k  sa lm on  o c c u r  o u t s id e  t h i s  a re a  
(Anonymous 1982) . I n  s p i t e  o f  t h e  r e l a t i v e  p r o x i m i t y  o f  t h e  B e r i n g  
R i v e r ,  Copper  R i v e r ,  and Unakwik d i s t r i c t s  t o  these  e ig h t  d i s t r i c t s ,  
s u f f i c i e n t  p h y s i c a l  and r e g u l a t o r y  d i f f e r e n c e s  e x i s t  t o  accoun t  f o r  t h e  
c o n c e n t r a t i o n  of  p i n k  salmon c a tc h e s  i n  P r in c e  V i l l i am  Sound p r o p e r .
P r in c e  V i l l i a m  Sound p r o p e r  r e p r e s e n t s  a p p r o x i m a t e l y  8000 s q u a r e  
m il es  o f  c o a s t a l  w a te r s  and in la n d  d r a i n a g e s .  More t h an  800 t r i b u t a r i e s  
have  b e e n  i d e n t i f i e d  w i t h i n  t h i s  a r e a  a s  s o u r c e s  o f  p i n k  s a l m o n  
p r o d u c t i o n .  Fo r  t h e  p u r p o s e s  of  t h i s  s tu d y ,  the  a n a l y s i s  of  the  p ink  
salmon commercial f i s h e r y  i n  P r in c e  V i l l i a m  Sound w i l l  be r e s t r i c t e d  t o  
these  e i g h t  d i s t r i c t s .
The c o m m e rc i a l  f i s h e r y  o f  P r i n c e  V i l l i a m  Sound has  e x i s t e d  s ince  
1889 w i th  t h e  e s t a b l i s h m e n t  o f  t h e  f i r s t  salmon cannery  a t  Eyak. I t  has  
s i n c e  e x p e r i e n c e d  t h r e e  d i s t i n c t  phases  of  development  (Anonymous 1975; 
Anonymous 1983a) .  During the  i n i t i a l  p h a s e ,  1889-1915, sockeye a n d ,  t o  
a l e s s e r  e x t e n t ,  chinook and coho salmon were the  p r e f e r r e d  s p e c i e s  due 
t o  marke t ing c o n d i t i o n s .  The major  f i s h e r y  occu r r ed  on the  Copper  R i v e r  
d e l t a  w h e r e  t h e s e  s p e c i e s  w e r e  m os t  a b u n d a n t .  P i n k  sa lm on  were  
h a r v e s t e d  i n c i d e n t a l l y  t o  o t h e r  c a t c h e s ,  w h i l e  chums were  a v o i d e d  
e n t i r e l y .
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Figure 3. Pink Salmon Management Districts in Prince William Sound.
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Cannery c o n s t r u c t i o n  and o p e r a t i o n  p r o l i f e r a t e d  i n  the second  p h a s e  
o f  d e v e l o p m e n t ,  1 9 1 5 - 1 9 5 9 ,  and management of  the  f i s h e r y  resource  was 
assumed by the  f e d e r a l  government.  A major  t r a p  f i s h e r y  ( f l o a t i n g  and 
p i l e  d r iven )  accounted f o r  the  m a j o r i t y  of  t h e  annual  h a r v e s t  r e l a t i v e l y  
small  p u r se  s e in e  and g i l l  n e t  f i s h e r i e s  a l s o  were i n  o p e r a t i o n .  T r a p s  
a n d  s i t e s  w e r e  c o n t i n u a l l y  v a r i e d  i n  a s e a r c h  f o r  t h e  d e s i g n  and 
l o c a t i o n  w h ich  p r o d u c e d  t h e  g r e a t e s t  c a t c h e s .  U l t i m a t e l y ,  f e d e r a l  
r e g u l a t i o n s  f i x e d  t h e s e  l o c a l i t i e s  t o  the  sound e n t r a n c e s  and the  major  
m ig ra to ry  zones.
W ith  t h e  d e v e lo p m e n t  o f  s u c h  i n t e n s e  f i s h i n g  e f f o r t ,  c a tches  of  
bo th  p in k  and chum salmon e s c a l a t e d  t o  h igh  l e v e l s  w h ic h  p e a k e d  i n  t h e  
l a t e  1 9 4 0 ' s  and h a r v e s t s  of  these  s tocks  d e c l i n e d ,  t h e r e a f t e r .  Average 
annual  ca tc he s  of  even-year  p ink ,  odd -yea r  p i n k ,  and chum sa lmon were  
a p p r o x i m a t e l y  8 . 0 ,  6 . 0 ,  and 0 . 7  m i l l i o n  f i s h ,  r e s p e c t i v e l y .  At the  
c lo se  of  t h i s  e ra  o f  f e d e r a l  management, s to c k s  of  b o th  p ink  (even-year )  
and  chum sa lm on  w e re  d r i v e n  t o  approx imate ly  o n e - h a l f  of  the  h i s t o r i c  
maximum l e v e l s  whi le  the  odd-year  p ink  cyc le  was,  seemingly,  n e a r  t o t a l  
e x t i n c t i o n  (Anonymous 1975; Anonymous 1983a) .
Fol lowing Alaskan s t a t e hood  i n  1959, the  t h i r d  phase of development 
b e g a n  w i t h  t h e  p r o h i b i t i o n  o f  t h e  t r a p  f i s h e r y  and t h e  s u b s e q u e n t  
p r o l i f e r a t i o n  o f  t h e  p u r s e  s e i n e  f l e e t ,  a nd  t h e  a s s u m p t i o n  o f  t h e  
m a n a g e m e n t ,  r e s e a r c h  and law e n f o r c e m e n t  r e s p o n s i b i l i t i e s  f o r  t h e  
r e s o u r c e  by t h e  s t a t e  g o v e rn m e n t .  The c o m m i s s i o n e r  o f  t h e  A l a s k a  
D e p a r tm e n t  of  F i s h  and Game (ADF&G) was g r a n t e d  a u t h o r i t y  t o  a d ju s t  
i n t r a s e a s o n  f i s h i n g  o p e r a t i o n s  i n  terms of  t ime and a r e a .  P ink  and chum
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salmon remained the  p r im ary  t a r g e t  s p e c i e s ,  whose h a r v e s t  was r e g u l a t e d  
a c c o r d i n g  t o  t h e  a c h i e v e m e n t  o f  d e s i r e d  e s c a p e m e n t  g o a l s  f o r  e a c h  
d i s t r i c t .  As a r e s u l t  o f  a g r e a t e r  f l e x i b i l i t y  i n  r e g u l a t o r y  pow e rs  
g r a n t e d  t o  t h e  r e s i d e n t  b i o l o g i s t ,  and a few i n i t i a l  y e a r s  o f  f a v o r a b le  
s u r v i v a l ,  s i g n i f i c a n t  i n c r e a s e s  i n  p i n k  and chum salmon s toc ks  o c c u r r e d .
A f o u r t h  and o n g o i n g  p h a s e  i n  t h e  h i s t o r y  o f  t h i s  f i s h e r y  was 
i n i t i a t e d  i n  1 9 7 1  b y  l e g i s l a t i v e  a c t i o n  w h i c h  e m p h a s i z e d  t h e  
e s t a b l i s h m e n t  o f  l a r g e  s c a l e  s a lm on  a q u a c u l t u r e  p r o g r a m s .  F u r t h e r  
l e g i s l a t i o n  on l i m i t e d  e n t r y  t o  the commercial  salmon n e t  f i s h e r i e s  and 
t h e  f o r m a t i o n  o f  r e g i o n a l  salmon p l a n n in g  a s s o c i a t i o n s  s e t s  t h e  s t a g e  
f o r  a b o ld  new e ra  whose consequences a r e  s t i l l  n o t  f u l l y  u n d e r s t o o d .  
P r e s e n t l y ,  t h e r e  a r e  two p u b l i c ,  and f o u r  p r i v a t e  n o n - p r o f i t  h a t c h e r y  
l o c a t i o n s  e i t h e r  o p e r a t i o n a l  or proposed i n  P r in c e  V i l l i a m  Sound ( F i g .
4) (McCurdy 1981)  . The p u b l i c  s i t e s  a r e  Cannery Creek and Main Bay, 
b o t h  o p e r a t e d  by  t h e  ADF&G F i s h e r i e s  R e h a b i l i t a t i o n ,  Enhancement and 
D e v e l o p m e n t  D i v i s i o n  (FREDD). The p r i v a t e  n o n - p r o f i t  s i t e s  a r e ;  
(1)  Solomon Gulch -  p roposed  by Valdez F i s h e r i e s  Devopment  A s s o c i a t i o n  
( V . F . D . A . ) ,  ( 2 )  P e r r y  I s l a n d  -  o p e r a t e d  by NERKA, I n c o r p o r a t e d ,  
(3)  E s t h e r  I s l a n d  f a c i l i t y ,  and (4) P o r t  San Juan ,  Evans I s l a n d  s i t e  -  
proposed  and o p e ra t e d ,  r e s p e c t i v e l y ,  by P r in c e  V i l l i am  Sound Aquacul ture  
C orpora t ion  ( P .V .S .A .C . ) .
The s u c c e s s f u l  management  o f  b o t h  w i l d  and h a tc h e ry  s tocks  w i t h  
s i m i l a r  t i m i n g  a n d  m i g r a t i o n  r o u t e s ,  b u t  r e q u i r i n g  d i f f e r e n t  
e x p l o i t a t i o n  r a t e s ,  p o s e s  a d d i t i o n a l  l e v e l s  of r e g u l a t o r y  complexi ty  
( s e e  Vr igh t  1981) .  Although s t a t e  p o l i c y  m an d a te s  management  a c t i o n
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f avo r ing  the p r o t e c t i o n  of  w i ld  s t o c k s ,  the  r e s o u r c e  manager mnst pe rm i t  
h a t c h e r y  owners  and common p r o p e r t y  f i s h e r y  p a r t i c i p a n t s  t o  h a r v e s t  
h a t c h e r y  r e t u r n s  i n  a t i m e l y  f a s h i o n .  T h i s  i s  n e c e s s a r y  t o  e n s u r e  
p r o d u c t  q u a l i t y  and t o  a l l o w  t h e  p r o p e r  l e v e l  and d i s t r i b u t i o n  o f  
escapement t o  the  h a tc h e ry  f o r  pu rposes  of  brood s t o c k  and o p e r a t i o n a l  
budget  r equ i rem ents  (McCurdy 1981) .
Legal  gea r  f o r  the  salmon f i s h e r y  i s  r e s t r i c t e d  t o  p u r se  s e in e s  and 
b o t h  d r i f t  and s e t  g i l l  n e t s .  P u r se  s e in e  f i s h i n g  i s  p e r m i t t e d  i n  a l l  
d i s t r i c t s  w i t h  t h e  e x c e p t i o n  o f  t h e  Eshamy,  Copper  and Ber ing  R iver  
d i s t r i c t s .  Pink  and chum salmon a re  the  pr im ary  t a r g e t  s p e c i e s  o f  t h i s  
g e a r  t y p e .  D r i f t  g i l l  n e t t i n g  i s  p e r m i t t e d  i n  t h e  Ber ing  R iv e r ,  Copper 
R iv e r ,  C o g h i l l ,  Unakwik and Eshamy d i s t r i c t s .  Set  g i l l  n e t t i n g  i s  l e g a l  
i n  Eshamy o n l y .  The gear  i s  r e s t r i c t e d  t o  one g i l l  n e t  of  150 fathoms 
i n  l e n g t h ,  or  to  one pu r se  s e ine  o f  125-150 fathoms i n  l e n g t h ,  p e r  b o a t  
(Anonymous 1983b).
I n  1 9 8 2 ,  525 d r i f t  g i l l  n e t  and 260 p u r s e  s e i n e  p e r m i t  h o ld e r s  
p a r t i c i p a t e d  a t  some t ime dur ing  the  season.  There was no s e t  g i l l  n e t  
f i s h e r y  t h i s  y e a r  due t o  t h e  c l o s u r e  of  Eshamy. The d u r a t i o n  of  the  
p i n k  salmon f i s h e r y  i n  P r in c e  V i l l i a m  Sound i s  u s u a l l y  f rom  mid-May t o  
l a t e  A u g u s t ,  and i t  i s  r e g u l a t e d  by emergency o rder s  i n  terms of  the  
time and a rea  a l l o c a t i o n  of  f i s h i n g  e f f o r t  p e r m i t t e d  d u r i n g  t h e  s e a s o n  
(Anonymous 1982) .
C a tc h  d a t a  a re  g ene ra ted  by g i l l  n e t  and pu r se  s e in e  p a r t i c i p a n t s .  
Escapement d a t a  a r e  c o l l e c t e d  by  a e r i a l  and g round  o b s e r v a t i o n s  from
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two-hundred e leven  (211) i ndex  s pa w n ing  s t r e a m s  w h i c h ,  c o l l e c t i v e l y ,  
r e p r e s e n t  an a v e r a g e  o f  e i g h t y - f i v e  p e r c e n t  o f  t h e  t o t a l  spawning 
a c t i v i t y  i n  P r in c e  Wil l i am Sound ( P i r t l e  1977) .  The w e e k l y  e s c a p e m e n t  
e s t i m a t e s  f o r  e a c h  i n d e x  s t r e a m  a r e  s e p a r a t e d  i n t o  the  c a t e g o r i e s  of  
s t r eam ,  mouth ( o f  s t r e a m ) ,  and bay ( a d j a c e n t  t o  s t r e a m ) ,  a c c o r d i n g  t o  
the  a c t u a l  l o c a t i o n  o f  t h e  f i s h  on the  da te  o f  the  survey.
I n t r a s e a s o n  c o n t r o l  of  the  commercial  p i n k  salmon f i s h i n g  o p e r a t i o n  
depends on the  t im e ly  a n a l y s i s  o f  c a t c h  and escapement  d a t a .  Commercial 
f i s h e r i e s  r e g u l a t i o n s  a r e  d e v e l o p e d  by c o m p a r in g  t h e  t im e  s e r i e s  o f  
c u r r e n t  p e r f o r m a n c e  o f  e s c a p e m e n t  by d i s t r i c t  t o  t h e  t ime s e r i e s  of 
h i s t o r i c a l  p e r f o r m a n c e  o f  b o t h  t h e  c y c l e  y e a r  and  t h e  b r o o d  y e a r .  
S i m i l a r l y ,  c u r r e n t  c a t c h  by  d i s t r i c t  i s  compared  t o  h i s t o r i c a l  
performance of  average cyc le  and brood y e a r  c a t c h .
S im p ly  s t a t e d ,  whenever t h e  c u r r e n t  t ime s e r i e s  of  escapements a r e  
g r e a t e r  than  or  equal  t o  the  h i s t o r i c  t im e  s e r i e s ,  s c a l e d  t o  c u r r e n t  
e s c a p e m e n t  g o a l s ,  r e g u l a r l y  s c h e d u l e d  f i s h i n g  p e r i o d s  a r e  p e r m i t t e d .  
O t h e r w i s e ,  m a n a g e m e n t  a c t i o n  t o  p r e v e n t  h a r v e s t  i s  i n d i c a t e d .  
Management  a l s o  c o n s i d e r s  t h e  comparison o f  t h e  c u r r e n t  t ime s e r i e s  of  
c a tc h  t o  the  h i s t o r i c  t im e  s e r i e s  o f  c a t c h  w h i c h  i s  e x p e c t e d  on t h e  
b a s i s  o f  t h e  c u r r e n t  f o r e c a s t  o f  t o t a l  abundance ( P i r t l e  and McCurdy 
1980; Mundy e t  a l .  1982; Anonymous 1982; Anonymous 1983a) .
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F ig u re  4 .  Hatchery  F a c i l i t y  l o c a t i o n s .
I . Solomon Gulch
I I . Cannery Creek
I I I . E s th e r  I s l a n d
IV. P e r r y  I s l a n d
V. Main Bay
VI. P o r t  San Juan
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The d a i l y  c a t c h  and e f f o r t  d a ta  of  t h i r t e e n  y e a r s ,  o b t a i n e d  from 
t h e  Computer  S e r v i c e s  D i v i s i o n  o f  t h e  A l a s k a  Depa r tm en t  of F i s h  and 
Game, ( 1 9 6 9 - 1 9 8 2 ,  i n c l u s i v e )  were  t h e  s u b j e c t  o f  t h e  a n a l y s i s .  A 
maximum o f  seven yea rs  o f  o b s e rv a t io n s  f o r  the  o d d -cy c l e ,  and s i x  y e a r s  
o f  o b s e r v a t i o n s  f o r  t h e  e v e n - c y c l e ,  w e r e  a v a i l a b l e  f o r  any s i n g l e  
d i s t r i c t .  C a t c h e s  f r o m  t h e  p u r s e  s e i n e  f i s h e r y  w e r e  t r e a t e d  
in depe nde n t ly  from the c a t c h e s  of  the  s e t  and d r i f t  g i l l  n e t  f i s h e r i e s .
The m e a s u r e  o f  n o m in a l  e f f o r t  u s e d  i n  t h e  c o n s t r u c t i o n  o f  t h e  
c a t c h - p e r - u n i t - e f f o r t  (CPUE) time d e n s i t i e s  was the  b o a t  day,  the  number 
o f  b o a t s  t h a t  made a t  l e a s t  one c o m m e rc i a l  d e l i v e r y  o f  f i s h  t o  a 
p r o c e s s o r  w i t h i n  a given  t w e n t y - f o u r  h o u r  p e r i o d .  V e s s e l s  t h a t  made 
m u l t i p l e  d e l i v e r i e s  d u r i n g  t h e  same f i s h i n g  p e r i o d  were counted  only 
once i n  the  c a l c u l a t i o n  of  t o t a l  e f f o r t .  C a t c h - p e r - u n i t - e f f  o r t  i s  t h e  
r a t i o  of  the  t o t a l  numbers caught  (C) t o  t o t a l  nominal  e f f o r t  ( f )  during  
t h e  f i s h i n g  p e r i o d ,  C / f  (CPDE).
A t  t h e  t i m e  o f  d e l i v e r y  o f  f i s h  t o  a p r o c e s s o r ,  c a t c h e s  a r e  
r e p o r t e d  ac co rd ing  t o  t h e  a r e a  o f  c a p t u r e .  The d i s t r i c t  b o u n d a r i e s  
w h i c h  c o n s t i t u t e  t h e  management  a r e a  o f  P r in c e  Wil liam Sound (F ig .  3) 
have long been f i x e d  and the  f i s h e r y  o p e r a t e s  e f f e c t i v e l y  w i t h i n  them .
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The v a s t  m a j o r i t y  o f  c a t c h e s  a r e  o b t a i n e d  i n  n e a r  s h o r e  w a t e r s  and 
embayments  a d j a c e n t  t o  ' h o m e - s t r e a m '  e n t r a n c e s .  I n d e e d ,  i t  can be 
argued t h a t  v i r t u a l l y  no ove r l a p  of  d i s t r i c t s  by t h e  f i s h i n g  o p e r a t i o n  
o c c u r s .  I n a c c u r a t e  r e p o r t i n g  o f  l o c a l i t y  of  c a tc h ,  on th e  o th e r  hand, 
may be a source o f  e r r o r ,  however  s u c h  e r r o r  i s  r e g a r d e d  a s  a s m a l l  
c o n s t a n t  b i a s .  A d j u s t m e n t  i n  t h e  c a t c h  d a t a  f o r  a r e a  e f f e c t s ,  
t h e r e f o r e ,  was no t  unde r taken .
The f o l l o w i n g  t i m e  s e r i e s  d a ta  c a t e g o r i e s  were des ig n a t ed  f o r  the  
a n a l y s i s :  d a i l y  c a t c h ,  d a i l y  p r o p o r t i o n  of  t o t a l  c a t c h ,  cumula t ive  d a i l y  
c a t c h ,  and c u m u l a t i v e  d a i l y  p r o p o r t i o n  of  t o t a l  c a tc h .  The same fou r  
d a ta  c a t e g o r i e s  were used  f o r  the  a n a l y s i s  of  c a t c h - p e r - u n i t - e f f o r t .
Twenty y e a r s  o f  w e e k ly  e scapem en t  d a ta  (1964-1983,  i n c l u s i v e )  o f  
t he  ' s t r e a m  c o u n t '  v a r i e t y ,  c o l l e c t e d  f rom t h e  i n d e x  spawning  s t r e a m s  
(Com puter  S e r v i c e s  D i v i s i o n ,  ADF&G), were s u b j e c t  t o  t h e  a n a l y s i s .  A 
maximum of  t e n  y e a r s  of  o b s e r v a t i o n  f o r  the  o d d -cy c l e ,  and t e n  y e a r s  o f  
o b s e r v a t i o n  f o r  the  e v e n -c y c le ,  were a v a i l a b l e  f o r  any s i n g l e  d i s t r i c t .  
Escapement enumerat ion o f  the  'bay  c o u n t '  and 'm ou th  c o u n t '  v a r i e t i e s  
were  n o t  c o n s i d e r e d .  The f o l l o w i n g  t im e  s e r i e s  d a ta  c a t e g o r i e s  were 
d e s ig n a t e d  f o r  the  a n a l y s i s :  w e e k l y  e s c a p e m e n t ,  w e e k l y  p r o p o r t i o n  o f  
t o t a l  e s c a p e m e n t ,  c u m u l a t i v e  weekly escapement,  and cumula t ive  weekly 
p r o p o r t i o n  of  t o t a l  escapement .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
28
3 .1  Migra to ry  Time D e n s i t i e s  and A s s o c ia t e d  S t a t i s t i c s
Using the  e m p i r i c a l  m e t h o d o lo g y  o f  Mnndy ( 1 9 7 9 ) ,  m i g r a t o r y  t im e  
d e n s i t i e s  f o r  e a c h  a n n u a l  d a t a  c a t e g o r y  of  c a tc h ,  CPUE, and spawning 
escapement,  were computed on a sound-wide b a s i s  ( a l l  d i s t r i c t s  combined) 
and  f o r  e a c h  d i s t r i c t  i n d e p e n d e n t l y ,  f o r  every a v a i l a b l e  y e a r  of  data  
(Tables  1 and 2 ) .  The d e s c r i p t i v e  s t a t i s t i c s  o f  mean ( c e n t r a l  d a t e  of  
t h e  m i g r a t i o n ) ,  and v a r i a n c e  ( d i s p e r s i o n  of  the  m i g r a t i o n  th rough  t im e ) ,  
a l o n g  w i t h  t h e  m e a s u r e s  o f  t h e  s h a p e  o f  t h e  d i s t r i b u t i o n  f u n c t i o n  
( s k e w n e s s  and k u r t o s i s ) ,  were c a l c u l a t e d  f o r  a l l  annual  t ime d e n s i t i e s .  
U n l e s s  o t h e r w i s e  n o t e d ,  t h e  e i g h t  m a n a g e m e n t  d i s t r i c t s  p l u s  t h e  
s o u n d - w i d e  c a t e g o r y  w i l l ,  c o l l e c t i v e l y ,  be  r e f e r r e d  t o  s i m p l y  as  
' d i s t r i c t s ' .
The m ea n  a n d  v a r i a n c e  o f  t h e  m i g r a t o r y  t im e  d e n s i t y ,  b e i n g  
conserved  a c r o s s  g e n e r a t i o n s ,  p r o v i d e  a c o n v e n i e n t  and q u a n t i f i a b l e  
summary o f  m i g r a t o r y  b e h a v i o r .  To c a l c u l a t e  t h e s e  s t a t i s t i c s ,  the 
e m p i r i c a l  m ig r a to r y  t ime d e n s i t y  was d e f in e d  as  the  t ime s e r i e s  of  d a i l y  
p r o p o r t i o n s ,  P^,  where
P t  = n t  /  N (5)
= abundance or  CPUE on t ime i n t e r v a l  t ,  and 
N = t o t a l  annual  abundance or  CPUE.
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Table 1. Histor ic  catch and catchrper—unit— e f fo r t  data base. A v a i l a b i l i t y  of  
da ta  by y e a r  and by d i s t r i c t  s u i t a b l e  to  the ca lcu la t ion  of annual migratory 
time dens i t i e s .  + = data  were ava i lab le ,  -  = no d a ta  were a v a i a l b l e  f o r  t h a t  
year.  D i s t r i c t  codes: 1 = Eastern,  2 = Northern, 3 = Coghill,  4 = Northwestern,
5 = Eshamy, 6 = Southwestern, 7 = Montague, 8 = Southeastern, 1-8 = Sound-Wide.
Tear Management D i s t r i c t
Cycle
1 2 3 4 5 6 7 8 1 00
1970 + + + + _ + _ + +
E 1972 - - - - - - - - -
V 1974 - - + + - - - - +
E 1976 + + + + - + - + +
N 1978 + + + - - - - + +
1980 + + + + - + - + +
1982 + + + + - + - + +
Total 5 5 6 5 0 4 0 5 6
1969 + + + + - + - + +
1971 + + + + - + - + +
0 1973 + + + + - + + + +
D 1975 + + + + - + + + +
D 1977 + + + + - + + + +
1979 + + + + - + + + +
1981 + + + + - + + + +
Total 7 7 7 7 0 7 5 7 7
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Table 2. His tor ic  escapement data base.  A va i l a b i l i ty  of  da ta  by y e a r  and by 
d i s t r i c t  s u i t a b l e  t o  t b e  c a lc u la t io n  of annual migratory time den s i t i e s .  + = 
data were ava i lable ,  -  = no data vere  avai lable  for  t ha t  year .
D i s t r i c t  codes:  1 = E a s t e r n ,  2 = Nor thern ,  3 = C o g h i l l ,  4 = Northwestern,
5 = Eshamy, 6 = Southwestern, 7 = Montague, 8 = Southeastern, 1-8 = Sound-Wide.
Year Management D i s t r i c t
Cycle
1 2 3 4 5 6 7 8 H* I 00
1964 + + + + + + + + +
1966 + + + + - + + + +
1968 + + + + + + + + +
E 1970 + + + + + + + + +
V 1972 + + + + - + + + +
E 1974 + + + + - + + + +
N 1976 + + + + - + + + +
1978 + + + + - + + + +
1980 + + + + + + + + +
1982 + + + + + + + + +
T otal 10 10 10 10 5 10 10 10 10
1965 + + + + — + + + +
1967 + + + + + + + + +
1969 + + + + - + + + +
0 1971 + + + + + + + + +
D 1973 + + + + - + + + +
D 1975 + + + + - + + + +
1977 + + + + + + + + +
1979 + + + + - + + + +
1981 + + + + + + + + +
1983 + + + + - — + + +
T otal 10 10 10 10 4 9 10 10 10
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For  each annua l  time d e n s i t y  w i t h  a d u r a t i o n  of  m i g r a t i o n  o f  'm '  d a y s ,  
the  mean o f  ' t '  was e s t i m a t e d  by:
A “
t  = J  t  p£ .  (6)
t = l




a r  -  : 
t  = 2  <t- t>
i = l
(7)
Only those  days f i s h e d ,  i n  the  case  o f  c a tc h ,  or  those  weeks w i t h  a c t u a l  
escapement  enumera t ions ,  were used  to  compute these  s t a t i s t i c s .  On a l l  
o t h e r  days,  P$ i s  unde f ined .
P r o p o r t i o n s  were used f o r  the  purpose of c o n s t r u c t i n g  th e  e m p i r i c a l  
p r o b a b i l i t y  d e n s i t y  f u n c t i o n  as  an approximat ion  o f  t h e  t r u e  m i g r a t o r y  
t i m e  d e n s i t y .  In  p r a c t i c e ,  the  use of  p r o p o r t i o n  as  a f u n c t i o n  o f  t ime 
minimizes  the  e f f e c t  o f  r e l a t i v e l y  l a r g e  f l u c t u a t i o n s  i n  i n t e r a n n u a l  
n u m e r i c a l  a b u n d a n c e  o f  sa lm on  p o p u l a t i o n s .  Such t im e  d e n s i t i e s ,  
t h e r e f o r e ,  become s u i t a b l e  f o r  comparisons a c ro s s  y e a r s .
The c a t c h ,  e f f o r t ,  and spawning escapement da ta  o b t a in e d  from the  
Computer S e rv ic e s  D i v i s i o n  were o rdered  on a c a l e n d a r  d a t e  b a s i s .  Fo r  
c o n v e n i e n c e ,  t h e s e  d a t e s  were  coded  a s  i n t e g e r s  r e f e r e n c e d  t o  some
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s t a r t i n g  da te  i n  the season .  I t  i s  these  coded d a t e s  t h a t  were  n s e d  i n  
t h e  c a l c u l a t i o n  o f  t h e  m ig r a to r y  t ime d e n s i t i e s .  For  the  c a t c h  season  
w i t h  a d u r a t i o n  o f  95 days ,  day 1 = June  13, day 2 = June 14 ,  . . .  , day 
95 = September 15.  The escapement  d a t a ,  p rov id ed  on a weekly b a s i s ,  had 
a season d u r a t i o n  of  15 weeks and was coded  i n  t h e  f o l l o w i n g  m a n n e r :  
week 1 -  week e n d i n g  d a t e  J u n e  19 ,  week 2 = week ending d a t e  June 26,  
. . .  , week 15 = week ending d a te  September  2 5 .  Coded d a t e s  and  t h e i r  
cor responding c a le n d a r  d a t e s  a r e  p rov ide d  i n  t h e  t a b l e s  f o r  r e f e r e n c e .
S i n c e  e s t i m a t e s  o f  m i g r a t o r y  b e h a v io r  based  on c a t c h  d a t a  may be 
i n f lu e n c e d  by a b i o t i c  f a c t o r s ,  the  t ime d e n s i t y  of  a s i n g l e  y e a r ,  f o r  a 
geographic  a r e a ,  may be o f  l i m i t e d  use i n  h a r v e s t  c o n t r o l  f o r  d e s c r i b i n g  
the  m ig ra to ry  t im ing .  The t ime d e n s i t y  of  a s in g l e  y e a r  when u s e d  i n  a 
h a r v e s t  c o n t r o l  sy s tem  may pose more r i s k  o f  e r r o r  than  th e  use of  the  
a v e r a g e  t im e  d e n s i t y  b a s e d  on s e v e r a l  p a s t  y e a r s .  S i m i l a r l y ,  t h e  
f i s h e r y  may be of  v a ry in g  d u r a t i o n  y e a r - t o - y e a r ,  or may no t  cover  every 
day of  the  m ig r a t i o n .  To minimize t h e s e  e f f e c t s ,  w h i l e  o b t a i n i n g  t h e  
b e s t  i m a g e  o f  m i g r a t o r y  b e h a v i o r ,  m i g r a t o r y  t im e  d e n s i t i e s  and 
cumulat ive t ime d e n s i t i e s  were averaged a c r o s s  y e a r s .
A l l  d i s t r i c t  annual  m ig r a to r y  t ime d e n s i t i e s  f o r  each d a ta  c a te g o ry  
( c a t c h ,  CPUE, and spawning escapement) w ere  g r o u p e d  a c c o r d i n g  t o  even  
and odd y e a r s  ( s e e  T a b l e s  1 and 2 ) .  Average  d a i l y  p r o p o r t i o n s ,  and 
average cum ula t ive  d a i l y  p r o p o r t i o n s  w ere  c a l c u l a t e d  f o r  b o t h  c y c l e  
y e a r s  on a d i s t r i c t  b a s i s .  I n  t h e  case  of d a i l y  p r o p o r t i o n s ,  each da te  
averaged can have a v a r i a b l e  number of  r e c o r d s  d e pe nd ing  on t h e  number 
o f  o b s e r v a t i o n s  a v a i l a b l e  f o r  t h a t  da te  f o r  the  y e a r s  averaged .  In  the
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c a l c u l a t i o n  o f  a v e r a g e  c u m u l a t i v e  p r o p o r t i o n s ,  d a i l y  r e c o r d s  w e r e  
c o n s i d e r e d  t o  e x i s t ,  i n  any y e a r ,  f o r  every da te  i n  the  season  s t a r t i n g  
w i t h  t h e  f i r s t  d a t e  on w h i c h  a c a t c h  o b s e r v a t i o n  o r  e s c a p e m e n t  
enumerat ion was made.
The a v e r a g e  d a i l y ,  P^ ,  or  average  cumula t ive d a i l y  p r o p o r t i o n ,  P̂ - 
f o r  day * t '  ( t  = 1 t o  m) and ' j *  y e a r s  ( j  = 1  t o  y ) , was c a l c u l a t e d  by:
= l/y ^ t j
3=1
( 8)
f o r  a l l  y e a r s  where P^j ^  0 ,  and where P^j i s  d e f ined  as t h e  p r o p o r t i o n  
on the  t - t h  t ime i n t e r v a l  i n  the  j - t h  y e a r .
A f u n d a m e n t a l  p r e m i s e  o f  t h i s  s t u d y  i s  t h a t  m ig r a to r y  t iming  i s  
conserved a c r o s s  g e n e r a t i o n s .  I f  t h e  mean of  the  time d e n s i t y  f u n c t i o n  
i n  y e a r  ' i ' ,  i  = 1 t o  y ,  i s  r e p r e s e n t e d  by t j ,  t h i s  premise i s  analogous 
t o  t h e  s t a t e m e n t :  E ( t j )  = E ( t 2> =* . . .  * = E ( t £> f o r  a f i x e d  geograph ic
r e f e r e n c e  f r a m e ,  a b s e n t  a b i o t i c  i n f l u e n c e s .  I t  c a n  b e  a r g u e d ,  
c o n s e q u e n t l y ,  t h a t  E(Pt ^) = E(Pt j )  =# • • •  » = E ( P ^ j ) ,  j  = 1 t o  y ,  t  = 1 
t o  m. With the  e x c e p t io n  o f  a random e r r o r  of  m easu rem en t  t e r m ,  whose 
e x p e c t a t i o n  i s  z e r o ,  and e x t e r n a l  m o d u l a t i n g  i n f l u e n c e s  o f  a b i o t i c  
f a c t o r s ,  t h e  ' y '  p r o p o r t i o n s  on a f i x e d  time i n t e r v a l  ' t '  a r e  assumed to  
be e q u a l .
C o n s i d e r i n g  t h e s e  p r o p o r t i o n s  a s  an indep e n d e n t  and i d e n t i c a l l y
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d i s t r i b u t e d  random sample  from a n o r m a l  p o p u l a t i o n  w i t h  u n k n o w n  
p o p u l a t i o n  mean and v a r i a n c e ,  t h e  ( l - a ) %  confidence  i n t e r v a l  f o r  the  
a v e r a g e  d a i l y  ( P t )  01 a v e r a g e  cumula t ive  p r o p o r t i o n  (Pj.) on ' y '  y e a r s  
was c a l c u l a t e d  by:
Pt i  V y -1  [ s! / y l ’ (9)
where  S t u d e n t ' s  -  t  i s  deno ted by ' b '  t o  avoid con fus ion ,  and where the  
e s t i m a t e  o f  t h e  v a r i a n c e  of  the  average  cumula t ive  p r o p o r t i o n ,  P t , and 
average  d a i l y  p r o p o r t i o n  P^ was de te rmined  by:
y
&  = 1 / ( y - l )  J  (Pt j “  P t )*  (10)
t  j = l
P r e l i m i n a r y  a n a l y s i s  of  the  t ime d e n s i t i e s  r e q u i r e d  the  a b i l i t y  t o  
compare the  v a r i a b i l i t y  among t h e  d a t a  c a t e g o r i e s  ( c a t c h ,  CPUE, and 
e s c a p e m e n t )  over  the  y e a r s .  In  p o p u l a t i o n s  which d i f f e r  a p p re c ia b ly  i n  
t h e i r  m eans ,  n u m e r i c a l  and p r o p o r t i o n a l  d a t a  f o r  e x a m p l e ,  d i r e c t  
comparison o f  t h e i r  v a r i a n c e s  i s  n o t  i n fo r m a t iv e  s ince  the  v a r i a n c e  of  a 
da ta  c a te g o ry  i s  p r o p o r t i o n a l  t o  t h e  m a g n i t u d e s  o f  t h e  o b s e r v a t i o n s .  
The  c o e f f i c i e n t  o f  v a r i a t i o n  (CV) ( S o k a l  and R o h l f  1 9 8 1 ) ,  w h ich  
e x p re s se s  the  s tanda rd  d e v i a t i o n  as  a p e rc e n ta g e  o f  the  mean, p r o v id e s  a 
method  f o r  making s u c h  c o m p a r i s o n s .  Simply s t a t e d ,  the  da ta  c a te g o ry  
t h a t  i s  l e s s  v a r i a b l e  w i l l  have a lower numerical  CV.
The c o e f f i c i e n t  of  v a r i a t i o n  was computed f o r  each d a ta  c a te g o ry  by
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d a te  over  a l l  y e a r s  of  r e c o r d .  As an example,  the CV o f  a p r o p o r t i o n a l  
d a ta  ca tego ry  i s :
CV = ( f c  /  Pt ) 100 (11)
Pt  *
E m p i r i c a l  t im e  d e n s i t i e s  b a s e d  on CPUE a r e  t h o u g h t  t o  b e t t e r  
a p p r o x i m a t e  t h e  d i s t r i b u t i o n  o f  t o t a l  a bundance  t h a n  those  based  on 
c a t c h  a lo n e ,  p r o v i d e d  t h a t  t h e  u n i t s  o f  f i s h i n g  g e a r  a r e  n o t  h i g h l y  
c o m p e t i t i v e ,  and t h a t  c a t c h a b i l i t y  does n o t  v a ry  over the course  of  the  
s e a s o n  ( B r a n n i a n  1982 ;  Hundy 1 9 8 2 ;  S c h a l l e r  1984) . Thi s  i s  expected  
when e f f o r t  i s  n o t  t h e  same on e a c h  and e v e r y  t im e  i n t e r v a l .  When 
e f f o r t  i s  c o n s t a n t  t h r o u g h o u t  t h e  season ,  t h e  t ime d e n s i t i e s  o f  c a tc h  
and  CPUE a r e  i d e n t i c a l .  The  c o m p a r i s o n  o f  c a t c h  a n d  CPUE d a t a  
c a t e g o r i e s  w i l l  be  b a s e d  on a n  e x a m i n a t i o n  o f  t h e  b e h a v i o r  o f  t h e  
c o e f f i c i e n t s  o f  v a r i a t i o n  o v e r  t i m e .  The s t a t i s t i c s  o f  t h e  l e a s t  
v a r i a b l e  c a t e g o r y  w i l l  s e r v e  a s  t h e  b a s i s  f o r  t h e  c o m p a r i s o n  o f  
m ig r a to r y  behav io r  among d i s t r i c t s .
3 .2  Ana lys is  of  Var iance  and M u l t i p l e  Comparison Methods
A f ix e d  e f f e c t s  two-way a n a l y s i s  o f  v a r i a n c e  model w i t h  i n t e r a c t i o n  
( N e t e r  and Wasserman 1974;  Hogg and  T a n i s  1977)  was c o n s t r u c t e d  t o  
ana lyze  the  d i f f e r e n c e s  i n  t h e  mean d a t e s  o f  m i g r a t i o n  b e t w e e n  c y c l e  
y e a r s  and among d i s t r i c t s .  The model was a p p l i e d  t o  c a tc h ,  CPUE, and 
spawning escapement d a ta  c a t e g o r i e s  indep e n d e n t ly .  The two f a c t o r s ,  o r  
independent  v a r i a b l e s ,  r e p r e s e n t e d  i n  t h i s  model were cyc le  y e a r  (A) and 
m a n a g e m e n t  d i s t r i c t  ( B ) ,  c o n s i s t i n g  o f  two  a n d  e i g h t  l e v e l s ,
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r e s p e c t i v e l y .
The coded  mean d a t e s  o f  t h e  e m p i r i c a l  d e n s i t y  f u n c t i o n s  f o r  each 
d i s t r i c t  a c r o s s  a l l  y e a r s  of  r e c o r d  c o n s t i t u t e d  the  o b s e r v a t i o n s  o f  t h e  
r e s p o n s e  v a r i a b l e  f o r  e a c h  l e v e l  o f  b o t h  f a c t o r s .  The f i x e d  e f f e c t s  
model f o r  the two f a c t o r  d e s ig n  was r e p r e s e n t e d  by:
Yijk = I1* • + “i  + Pj + (“P)ij + eijk
where,
Y i j k  i s  t h e  k—t h  o b s e r v a t i o n  of  the  re sponse  v a r i a b l e  f o r  t h e  i - t h  
l e v e l  o f  f a c t o r  A ( c y c l e  y e a r )  a n d  t h e  j - t h  l e v e l  o f  f a c t o r  B 
(management d i s t r i c t ) ,  i  = 1 ,  . . . .  a ;  j  = 1 ,  . . . , b ; k = l ,  . . . ,  c.
p . .  i s  a c o n s t a n t ,  unknown component  common t o  a l l  o b s e r v a t i o n s
i . e .  the  o v e r a l l  or grand mean r esponse  f o r  a l l  l e v e l s  o f  bo th  f a c t o r s .
a£ i s  t h e  a d d i t i o n a l  or  main e f f e c t  due t o  t h e  i - t h  l e v e l  of  f a c t o r  
A ( cyc le  y e a r ) ,  i  = 1 to  2 .
Pj i s  t h e  a d d i t i o n a l  o r  main e f f e c t  due t o  t h e  j - t h  l e v e l  of  f a c t o r  
B (management d i s t r i c t ) ,  j  = 1 t o  8.
( a p ) j j  i s  t h e  i n t e r a c t i o n  e f f e c t  between t h e  i - t h  l e v e l  of  f a c t o r  A 
and th e  j - t h  l e v e l  of  f a c t o r  B.
8 i j k  *s t*16 random e x p e r i m e n t a l  e r r o r  a s s o c i a t e d  w i t h  the  k - t h  
o b s e r v a t i o n  o f  the  r esponse  v a r i a b l e  f o r  t h e  i - t h  l e v e l  of  f a c t o r  A and 
the  j - t h  l e v e l  o f  f a c t o r  B.
The model  assumes a r e  independent  N(0 ,o2 ) ,  and T j j k  r e p r e s e n t
n = abc  m u t u a l l y  i n d e p e n d e n t  random v a r i a b l e s  t h a t  a r e  n o r m a l l y
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d i s t r i b u t e d  w i t h  m e a n  | i j j  a n d  common b n t  u n k now n  v a r i a n c e  o ^ .  
C o r r e s p o n d i n g  t o  e a c h  f a c t o r  l e v e l ,  t h e r e f o r e ,  i s  a p r o b a b i l i t y  
d i s t r i b u t i o n  f o r  the  r esponse  v a r i a b l e s  which d i f f e r s  on ly  w i t h  r e s p e c t  
t o  t h e i r  means. I n  te rm s  o f  e x p e c t a t i o n ,  the  mean da te  o f  m i g r a t i o n  f o r  
y e a r - c y c l e  ( i )  and management d i s t r i c t  ( j )  i s  r e p r e s e n t e d  by:
E(Yi j k ) = i n j  = p . .  + 0£ + Pj + ( a 0 ) i j  (13)
T h i s  f o r m u l a t i o n  i m p l i e s  t h a t  the  mean f o r  any f a c t o r  can be viewed as
th e  sum of  f o u r  components:
1 . an o v e r a l l  unknown e f f e c t  | i . .  = ^  ^  p j j  /  ab,
i  J
2 .  the  main e f f e c t  a j  f o r  f a c t o r  A a t  the  i - t h  l e v e l ,
3 .  t h e  main e f f e c t  Pj f o r  f a c t o r  B a t  t h e  j - t h  l e v e l ,  and
4 .  t h e  i n t e r a c t i o n  e f f e c t  ( a p ) ^ j  when f a c t o r  A i s  a t  the  i - t h  
l e v e l  and f a c t o r  B i s  a t  t h e  j - t h  l e v e l .
R e s t r i c t i o n s  o f  t h i s  model a r e :  ^  ° i  = 5  Pj = ^  i j  = ^  ^“ P ^ i j  =
l  J  l  j
Guided  by  t h e  p r e v i o u s l y  s t a t e d  h a r v e s t  c o n t r o l  o b j e c t i v e s ,  t h r e e  
hypo theses  of  i n t e r e s t  were examined by t h i s  model .  They were:
1 . H0 : u^ = 0 a g a i n s t  Ha : no t  a l l  =0, i = l ,  . . . ,  a .  Are t h e r e  
s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  mean d a te s  of  t h e  e m p i r i c a l  d i s t r i b u t i o n s  
of  c a tc h ,  c a t c h  p e r  u n i t  e f f o r t ,  o r  spawning  e s c a p e m e n t  b e t w e e n  t h e  
o d d - y e a r  and t h e  e v e n - y e a r  c y c l e ?  T h i s  h y p o t h e s i s  i s  e q u i v a l e n t  t o  
t e s t i n g  the  g e n e t i c  d i s t i n c t n e s s  b e t w e e n  o d d - y e a r  and e v e n - y e a r  p i n k  
salmon p o p u l a t i o n s .
2 .  H0 : Pj = 0 a g a i n s t  Ha : no t  a l l  Pj = 0 ,  j = l ,  . . . ,  b .  Within any 
one da ta  c a t e g o r y ,  a re  t h e r e  s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  mean d a t e s
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o f  time d e n s i t i e s  among d i s t r i c t s  f o r  o d d - y e a r  and  e v e n - y e a r  c y c l e s  
combined?
3. H0 : ( a fD j j  = 0 a g a i n s t  Ha : no t  a l l  (ap>£j  = 0 .  f o r  a l l  i  and j .
Do d i f f e r e n t  c o m b i n a t i o n s  o f  t b e  l e v e l s  o f  t h e  two f a c t o r s  produce 
d i f f e r e n t  e f f e c t s ?  I f  so ,  f a c t o r  A and B a re  s a i d  t o  i n t e r a c t .  T es t i n g  
t b e  h y p o t h e s i s  of  i n t e r a c t i o n  i s  e q u iv a l e n t  to  examining whether  or  no t  
a l l  f a c t o r  means p j j  can be e xpres sed  accord ing  t o :  p^j = p . . + + p j .
I f  t h e y  c a n ,  no i n t e r a c t i o n  i s  p r e s e n t .  This  h y p o th e s i s  i s  sometimes 
r e p r e s e n t e d  b y :  H0 : p j j  = p . .  + a j  + pj f o r  a l l  i , j  a g a i n s t  Ha : p^j £ 
p . .  + a j  + Pj f o r  some i , j .
Non i n t e r a c t i o n  i m p l i e s  t h a t  t h e  expected  d i f f e r e n c e  between the  
mean responses  f o r  any two l e v e l s  o f  one f a c t o r  i s  t h e  same f o r  a l l  
l e v e l s  o f  t h e  o t h e r  f a c t o r .  T h e r e  w ou ld  be  no i n t e r a c t i o n  between 
f a c t o r  A and B i f ,  f o r  example,  the  d i f f e r e n c e s  i n  the  means of  the t ime 
d e n s i t i e s  b e tw e e n  any  two management  d i s t r i c t s  was the  same f o r  b o th  
cy c le  y e a r s ,  or  i f  t he  d i f f e r e n c e  i n  means between t h e  two c y c l e  y e a r s  
was the  same f o r  any two management d i s t r i c t s .
A f i x e d  e f f e c t s  one-w ay  a n a l y s i s  o f  v a r i a n c e  model  ( N e t e r  and 
V a s s e r m a n  1 9 7 4 ;  Hogg a n d  T a n i s  1977)  was c o n s t r u c t e d  t o  a n a l y z e  
d i f f e r e n c e s  i n  the  mean d a te s  of  m i g r a t i o n  among d i s t r i c t s  f o r  a g i v e n  
c y c l e  y e a r .  The  m o d e l  w a s  a p p l i e d  t o  c a t c h ,  CPUE, and spawning 
escapement  c a t e g o r i e s  f o r  odd-year  and even-year  c y c l e s  i n d e p e n d e n t l y .  
The i n d e p e n d e n t  v a r i a b l e ,  o r  t r e a tm e n t  e f f e c t ,  examined by t h i s  model 
was the  management d i s t r i c t ,  c o n s i s t i n g  o f  e i g h t  l e v e l s .
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The coded mean d a te s  o f  the e m p i r i c a l  d e n s i t y  f u n c t i o n s  f o r  e a c h  
d i s t r i c t  a c r o s s  a l l  y e a r s  o f  r e c o r d  ( w i th i n  a cyc le  y e a r )  c o n s t i t u t e d  
t h e  o b s e r v a t i o n s  on t h e  r e s p o n s e  v a r i a b l e  f o r  e a c h  l e v e l  o f  t h e  
t r e a tm e n t .  The des ign  of  t h e  one-way f ix e d  e f f e c t  model was r e p r e s e n t e d  
by:
Yj j  i s  t h e  i - t h  o b s e r v a t i o n  of  the  response  v a r i a b l e  f o r  the  j - t h  
t r e a tm e n t  l e v e l ,  i  = 1 , . . . ,  n j ; j  = 1 , . . . ,  k .
p. i s  a c o n s t a n t ,  unknown component common to  a l l  o b s e r v a t i o n s ,  the 
o v e r a l l  mean f o r  a l l  k  l e v e l s  of  the  t r e a tm e n t .
Tj i s  t h e  t r e a t m e n t  d e v i a t i o n ,  or  the  a d d i t i o n a l  e f f e c t  t h a t  the  
j - t h  t r e a tm e n t  l e v e l  (management d i s t r i c t )  has  on the  re sponse  v a r i a b l e .
e^ j  i s  t h e  random e x p e r i m e n t a l  e r r o r  a s s o c i a t e d  w i t h  t h e  i - t h  
o b s e rv a t io n  of  the  re sponse  v a r i a b l e  f o r  the  j - t h  t r e a tm e n t  l e v e l .
Assumptions f o r  t h i s  model a r e :
1. 6j j  a r e  independent  N (0 ,o^ ) .
2 .  The k s e t s  o f  o b s e r v e d  d a t a  c o n s t i t u t e  k independent  random 
samples of  s i z e  nj  from t h e i r  r e s p e c t i v e  p o p u l a t i o n s .
3.  Each of  the  p o p u l a t i o n s  from which the samples come i s  normal ly  
d i s t r i b u t e d  w i th  mean pj and common b u t  unknown v a r i a n c e  a%.
* i j  “  + Tj  + ei j (14)
where.
•  •  •  » 8
4. The "Cj's a r e  unknown sum of  the
d e v ia t i o n  o f  the  pj  from t h e  mean p. i s  ze ro
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A ssoc ia ted  w i t h  each t r e a tm e n t  l e v e l ,  t h e r e f o r e ,  i s  a p r o b a b i l i t y  
d i s t r i b u t i o n  f o r  t h e  re sponse  v a r i a b l e s  which d i f f e r  on ly  w i t h  r e s p e c t  
t o  t h e i r  m ea n s .  T h i s  c a n  be  e x p r e s s e d  i n  t e r m s  o f  e x p e c t a t i o n  by:  
E(Yj j )  = | ij = p .  + r . j  . The mean o f  t h e  m ig r a to r y  t ime d e n s i t y  fo r  
e a c h  management  d i s t r i c t  j , c a n  be v i ew e d  a s  t h e  sum o f  an  o v e r a l l  
e f f e c t  p. = ^  pj  /  k ,  and t h e  main e f f e c t  Tj due t o  t r e a tm e n t  j .
The h y p o t h e s i s  o f  i n t e r e s t  t e s t e d  by t h i s  model  was t h a t  a l l  
t r e a tm e n t  means a r e  equal  a g a i n s t  the  a l t e r n a t i v e  t h a t  t h e  members  o f ,  
a t  l e a s t ,  one p a i r  a r e  n o t  e q u a l .  T h i s  a n a l y s i s  p r o v i d e s  a method,
t h e r e f o r e ,  f o r  examining d i f f e r e n c e s  i n  the means of  the  m i g r a t o r y  t im e
d e n s i t i e s  among t h e  management d i s t r i c t s  f o r  any c a te g o ry  of  da ta  w i t h i n  
a given  c yc le  y e a r .  The n u l l  h y p o th e s i s  was fo rm a l ly  s t a t e d  a s :
H0 : Hi = U2 = •••  = Fk
Ha : not  a l l  (ij a r e  equa l .
I f  t h e  p o p u l a t i o n  means a r e  e q u a l ,  e a c h  t r e a tm e n t  e f f e c t  i s  equal  to  
z e ro ,  so t h a t ,  a l t e r n a t i v e l y ,  the  n u l l  h y p o th e s i s  may be s t a t e d  a s :
Hq: t j  = 0 , j  = 1 , . . . ,  k
Ha : not  a l l  r j  = 0 .
The one-way a n a l y s i s  o f  v a r i a n c e  F t e s t  was t h e  i n i t i a l  s t e p  i n  the  
a n a l y s i s  used t o  de te rmine  i f  s i g n i f i c a n t  d i f f e r e n c e s  e x i s t e d  among t h e  
t r e a t m e n t  m eans .  Once t h i s  was concluded,  the  nex t  o b j e c t i v e  was then
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t o  t e s t  f o r  l i k e n e s s e s  and d i f f e r e n c e s  among t h e  k t r e a t m e n t s .  Two a 
p o s t e r i o r i  p rocedu res  f o r  m u l t i p l e  comparison a n a l y s i s  be tween t r e a tm e n t  
means w ere  s e l e c t e d  f o r  t h i s  p u r p o s e ,  n a m e l y ,  T u k e y ' s  H o n e s t l y  
S i g n i f i c a n t  D i f f e r e n c e  (HSD) t e c h n i q u e ,  and a m od if ied  L eas t  S i g n i f i c a n t  
D i f f e r e n c e  (LSD) method.
W i th  t h e  p r o v i s o ,  t h e r e f o r e ,  o f  a s i g n i f i c a n t  F t e s t ,  the  m u l t i p l e  
comparison p rocedure  was used  t o  t e s t  the  hypo these s  t h a t  a l l  p o s s i b l e  
p a i r w i s e  c o m b i n a t i o n s  o f  t h e  k t r e a t m e n t  means w e re  e q u a l .  The 
a d v a n t a g e  o f  t h e s e  p r o c e d u r e s  i s  t h a t  t h e  ' k  c h o o s e  2 '  p o s s i b l e  
c o n f i d e n c e  i n t e r v a l s  f o r  t r e a t m e n t  means a r e  c o n s t r u c t e d  i n  such a 
manner t h a t  the  j o i n t  p r o b a b i l i t y  f o r  a l l  comparisons i s  g u a r a n t e e d  n o t  
t o  f a l l  be low an  o v e r a l l  s i g n i f i c a n c e  l e v e l  a .  The p r o b a b i l i t y  i s  a ,  
t hen ,  t h a t  one or  more o f  t h e  n u l l  hypo theses  i s  f a l s e .
F o r  t h e  m o d i f i e d  LSD p r o c e d u r e ,  a s e t  o f  100(l-cr)% simultaneous 
confidence  i n t e r v a l s  f o r  m = rk choose 2 ' p a i r w i s e  d i f f e r e n c e s  (jij, -  (ij) 
i s  g iven  by:
i
( f a  -  Ye j ) + t a /2 k S t l / n i  + 1 / n j ] ’ (15)
where ,
i  i
S = [MSE/21* = [SSE /  2 (N -k ) ] * ,
k = number of  t r e a tm e n t  l e v e l s  i n  t h e  experiment ,
N = t o t a l  number of  o b s e r v a t i o n s  i n  the  expe riment ,
t a / 2k = tk® ^pper  a / 2k p o i n t  of  the  t  d i s t r i b u t i o n  w i t h  (N-k) d f ,
Y '^ ,  Y ' j  = sample e s t i m a t e s  f o r  t r e a tm e n t  means i  and j .
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n ^ ,  u j  = t h e  n u m b e r  o f  o b s e r v a t i o n s  i n  t r e a t m e n t s  i  and j ,  
r e s p e c t i v e l y ,
1
LSD = t a / 2k S [ l / n t  + 1 / n j ]*
Us ing  t h i s  p r o c e d u r e ,  t h e  p r o b a b i l i t y  of  a l l  m comparisons be ing 
s i m u l t a n e o u s l y  c o r r e c t  i s  a t  l e a s t  (1 -  a ) . I f  the confidence  i n t e r v a l  
f o r  two t r e a t m e n t  means c o n s t r u c t e d  i n  t h i s  manner c o n ta i n s  ze ro ,  or  i f  
the a b s o lu t e  d i f f e r e n c e  be tween  the  sample e s t i m a t e s  f o r  t h e  t r e a t m e n t  
means i s  g r e a t e r  t h a n  LSD, we r e j e c t  H0 : p^ = pj i n  f av o r  o f  Ha : p j  ^ 
p j , a t  t h e  a  s i g n i f i c a n c e  l e v e l .
T u k e y ' s  HSD t e s t  m a k e s  u s e  o f  a s i n g l e  v a l u e  a g a i n s t  w h ic h  
t r e a tm e n t  means a re  compared. Th is  v a l u e ,  c a l l e d  HSD, i s  given  by:
i
®SD = «la,k,N-k [MSE 1 ( 1 / n i  + 1/ n j ) ] * (16)
w h e r e ,  qa , k , N - k  i s  o b t a i n e d  from a t a b l e  of  p e rc e n ta g e  p o i n t s  of  the  
S t u d e n t i z e d  R a nge ,  and a l l  o t h e r  p a ra m e te r s  a r e  as  d e f in e d  f o r  the  LSD 
p rocedure .
I f  t h e  a b s o l u t e  d i f f e r e n c e  b e tw e e n  t h e  s am p le  e s t i m a t e  f o r  the  
t r e a t m e n t  means ( i , j )  i s  g r e a t e r  t h a n  HSD, we r e j e c t  H0 : pj, = pj i n  
f a v o r  o f  Ha : p j  £ p j  a t  t h e  a  s i g n i f i c a n c e  l e v e l .  We a c c e p t  H0 
o th e rw i s e .
S c h e f f e ' s  a p r i o r i  m e thod  f o r  m u l t i p l e  c o m p a r i s o n s  was used t o  
examine l i n e a r  combina t ions  of t r e a tm e n t  means d e f i n e d  by the c o n t r a s t ,
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L = 2  CjHj w h e r e ,  C j ' s  a r e  c o n s t a n t s  s u b j e c t  t o  the  r e s t r i c t i o n  2  Cj =
0 .  T h i s  p r o c e d u r e  h a s  t h e  a d v a n t a g e  t h a t  an i n f i n i t e  number of  such 
c o n t r a s t s  can be examined f o r  the  k t r e a t m e n t s ,  n o t  j u s t  ' k  c h o o s e  2 ' 
p a i r w i s e  compar isons .  The a n a l y s i s  t e s t s  t h e  n u l l  hypo thes i s  H0 : L = 0 
a g a i n s t  Ha : L M  on t h e  b a s i s  t h a t  t h e  s i m u l t a n e o u s  p r o b a b i l i t y  i s  
( 1- a )  t h a t  a l l  such c o n t r a s t s  l i e  between:
When z e r o  f a l l s  w i t h i n  t h i s  ( l - a ) %  c o n f i d e n c e  i n t e r v a l ,  a c c e p t  H0 : 
L = 0 ,  o t h e r w i s e  r e j e c t  i n  f a v o r  o f  Ha : L M  a t  t h e  a  s i g n i f i c a n c e  
l e v e l .
An example  o f  t h e  a p p l i c a t i o n  o f  S c h e f f e ' s  p rocedure  would be a 
t e s t  o f  whether  the  mean d a t e  of  m ig r a t i o n  i n  management d i s t r i c t s  o n e ,  
two,  and t h r e e  combined was s i g n i f i c a n t l y  d i f f e r e n t  from th e  o v e r a l l  
mean d a te  of  m i g r a t i o n  i n  management d i s t r i c t s  f o u r ,  f i v e ,  and s i x .  The 
c o n t r a s t  t e s t e d  i n  t h i s  case  would be L = + P2 + l*3 )/3  -  (114 + (15 +
( i g ) / 3 .  S c h e f f e ' s  method  p r o v e s  u s e f u l  i n  t h e  c o n t e x t  of  t h i s  s tudy  
s in c e  an i n f i n i t e  number o f  a p r i o r i  c o n t r a s t s  c a n  be t a i l o r e d  t o  t h e  
d a t a  i n  a f a s h i o n  t h a t  l e n d s  m o s t  i n s i g h t  t o  t h e  n a t u r e  o f  t h e  
r e l a t i o n s h i p s  o f  m ig ra to ry  b e ha v io r  among d i s t r i c t s .
A A |
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3 .3  C o r r e l a t i o n  and Regress ion  A n a ly s i s .
The models so f a r  developed v e re  in tended  to  pe rm i t  t h e  e v a l u a t i o n  
o f  t h e  n a t u r e  o f  t h e  r e l a t i o n s h i p s  and d i f f e r e n c e s ,  i f  any, i n  t im ing  
b ehav io r  among the  management d i s t r i c t s  f o r  any cyc le  y e a r  and c a t e g o r y  
o f  d a t a .  I n  support  o f  any c o n c lu s io n s  drawn from these  models ,  and t o  
f u r t h e r  e v a lu a te  methods which could c o n t r i b u t e ,  i n  a p r e d i c t i v e  s e n s e ,  
t o  o u r  u n d e r s t a n d i n g  o f  t h e  t i m i n g  b e h a v i o r  by d i s t r i c t ,  v a r i o u s  
c o r r e l a t i o n  and r e g r e s s i o n  models were cons ide red .
The t a r g e t e d  o b j e c t i v e s  o f  t h e s e  methods, f o r  any c y c le  y e a r  and 
d a ta  c a te g o ry ,  were: ( 1) to  de te rmine  the  degree  of  a s s o c i a t i o n  between
t h e  t i m i n g  b e ha v io r  among d i s t r i c t s ,  ( 2) t o  de te rmine  t h e  n a t u r e  of  the  
a s s o c i a t i o n  b e t w e e n  t h e  e i g h t  d i s t r i c t s  and t h e  o v e r a l l  so u n d -w id e  
t i m i n g  b e h a v i o r ,  and (3) t o  de te rmine  i f  t h e r e  were l i n e a r  combinat ions 
o f  the  management d i s t r i c t s  which could be used to  p r e d i c t  t h e  t i m i n g s  
of  ca tches  and spawning escapements  on a sound-wide b a s i s .
For  each da ta  c a te g o ry  of  c a t c h ,  CPDE, and spawning escapement ,  the  
P e a r s o n  p r o d u c t  moment c o r r e l a t i o n  c o e f f i c i e n t ,  r  (Ne te r  and Wasserman 
1974)  was computed  f o r  a l l  p o s s i b l e  p a i r w i s e  c o m b i n a t i o n s  o f  t h e  
management  d i s t r i c t s  f o r  odd—c y c l e  and t h e  even—cyc le  i n d e p e n d e n t ly .  
The p r i n c i p a l  i n t e n t  o f  t h i s  a n a l y s i s  was t o  examine the s t r e n g t h  of  the  
l i n e a r  r e l a t i o n s h i p s  o r  d e p e n d e n c y  i n  m i g r a t o r y  b e h a v i o r  among the  
management d i s t r i c t s ,  and  t o  make c o n d i t i o n a l  i n f e r e n c e s  on t i m i n g  
b e h a v i o r  f o r  one d i s t r i c t  g iven  ano the r  d i s t r i c t .  The coded mean d a t e s  
of  the  em pi r ica l  d e n s i t y  f u n c t i o n s  f o r  each d i s t r i c t  a c ro s s  a l l  y e a r s  of
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r e c o r d  c o n s t i t u t e d  the  o b s e r v a t i o n s  on th e  o rdered  p a i r s  of  the  response  
v a r i a b l e s .  W i t h i n  any c y c l e  y e a r  and d a t a  ca te go ry ,  t h e r e f o r e ,  ' n in e  
ch o o s e  tw o '  o r  s e v e n t y - t w o  u n i q u e  c o r r e l a t i o n  c o e f f i c i e n t s  w e r e  
computed.
I f  t ifc ( i  = 1 ,  . . . .  j ,  k = 1 ,  . . . , n )  r e p r e s e n t s  t h e  mean of  the  
t ime d e n s i t y  f o r  d i s t r i c t  ' i *  i n  y e a r  ' k ' ,  t he  Pearson  c o r r e l a t i o n  model 
assumes t h a t :
1 . t j t  ( i ^ j )  a r e  random s a m p l e s  o f  s i z e  ' n '  f rom n o rm a l
p o p u l a t i o n s  N(a-  ,07  ) ,  N(p-  ,07  ) ,  r e s p e c t i v e l y .t i  t i  t j  t j  ^
2 . e a c h  o r d e r e d  p a i r  ( t ^ . t j )  o f  t h e  random sample va ry  t o g e t h e r
a c c o r d i n g  t o  a j o i n t  b i v a r i a t e  normal  d i s t r i b u t i o n  w i t h  pa ra m e te r s  p-  ,
z i
11-  , cr- , 07 , and p where,  p i s  t h e  p o p u l a t i o n  c o r r e l a t i o n  c o e f f i c i e n t  
t 3 t i  t 3
w h i c h  m e a s u r e s  t h e  s t r e n g t h  o f  t h e  l i n e a r  r e l a t i o n s h i p  be tween t ^  and
* j -
G i v e n  t h e  s a m p l e  a n a l o g ,  r ,  t o  t h e  p o p u l a t i o n  c o r r e l a t i o n  
c o e f f i c i e n t  p ,  and any p a i r w i s e  combina t ion  ( t | , t j ) ,  a h y p o t h e s i s  t e s t  
w a s  c o n d u c t e d  t o  d e t e r m i n e  i f  t h e  v a l u e  o f  r  was o f  s i g n i f i c a n t  
magni tude t o  i n d i c a t e  t h a t  ( t ^ . t j )  were c o r r e l a t e d .  When t h e  p o p u l a t i o n  
i s  m ode led  a s  a b i v a r i a t e  n o r m a l ,  t h e  t e s t  o f  i n d e p e n d e n c e  between 
( t £ , t j )  i s  based  on th e  t e s t  s t a t i s t i c :
1
t *  = r ( ( n - r ) / ( l - r a )>a <18>
which i s  d i s t r i b u t e d  as  S t u d e n t ' s  -  t  d i s t r i b u t i o n  w i t h  (n -2)  degrees  of  
f r e e d o m .  I f  t h e  computed  v a l u t  of  t *  > t ff/ 2 »n -2 » the  n u l l  hypo th es i s
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H0 : p = ® was r e j e c t e d  a t  the  a s i g n i f i c a n c e  l e v e l  i n  f avor  of  Ha : p 4= 
0 ,  and t h e  two v a r i a b l e s  w ere  concluded t o  be c o r r e l a t e d .  Otherw ise ,  
the n u l l  h y p o th e s i s  was a c c e p te d .  The c r i t i c a l  o r  ' p - v a l u e '  was a l s o  
computed f o r  a l l  such h y p o t h e s i s  t e s t s .
M u l t i p l e  l i n e a r  r e g r e s s i o n  models (Neter  and Wasserman 1974) were 
c o n s t r u c t e d  t o  d e t e r m i n e  i f  t h e r e  w e re  l i n e a r  c o m b i n a t i o n s  o f  t h e  
management  d i s t r i c t s  w h i c h  c o u l d  be u s e d  t o  p r e d i c t  t h e  t i m i n g s  of  
ca tc he s  and spawning escapem en ts  on a soun d -w id e  b a s i s .  F o r  a g i v e n  
c y c l e  y e a r ,  t h e  m o d e l s  w ere  a p p l i e d  t o  c a t c h ,  CPUE, and spawning  
escapement  d a ta  c a t e g o r i e s ,  indep e n d e n t ly .  The coded mean d a t e s  o f  t h e  
e m p i r ic a l  d e n s i t y  f u n c t i o n s  f o r  each d i s t r i c t  a c ro s s  a l l  y e a r s  o f  r e c o r d  
c o n s t i t u t e d  the  o b s e r v a t i o n s  on the  dependent  and independent  v a r i a b l e s .  
I n  a l l  m o d e l s  c o n s t r u c t e d ,  t h e  d e p e n d e n t  v a r i a b l e  Yj ( i  = 1 ,  . . . ,  n 
ye a r s )  was the  o v e r a l l  s o u n d - w id e  mean d a t e  o f  m i g r a t i o n ,  w h i l e  t h e  
d e p e n d e n t  v a r i a b l e s  Xjj  ( i  = l  , . . . ,  n ,  j  = 1  , . . . ,  k) r e p r e s e n t e d  the  
corresponding  mean d a t e s  of  m ig r a t i o n  fo r  each management d i s t r i c t .
The f i r s t  o r d e r ,  m u l t i p l e  l i n e a r  r e g r e s s i o n  model was r e p r e s e n t e d
by:
Yi = Po + Plxi l  + P2xi l  + ••• + Pkxik + 8i
where:
Po» Pi* •••» Pk are the regression coefficients or parameters which 
are considered to be unknown quantities.
Yj  i s  t h e  r e s p o n s e  o f  t h e  d e p e n d e n t  v a r i a b l e  f o r  t h e  i - t h
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o b s e r v a t i o n  w h ic h  r e p r e s e n t s  t h e  o v e r a l l  s o u n d - w i d e  m ea n  d a t e  o f  
m ig r a t i o n  f o r  y e a r  i  = 1 , . . . .  n.
X j j ’ s a r e  t h e  f i x e d  v a l u e s  o f  t h e  i n d e p e n d e n t  o r  p r e d i c t o r  
v a r i a b l e s  f o r  t h e  i - t h  o b s e r v a t i o n  w h ic h  r e p r e s e n t  t h e  mean d a t e s  of
m ig r a t i o n  f o r  d i s t r i c t s  j  = 1 , . . . .  k ,  and
e£ a r e  t h e  e r r o r  components which a re  independent  N(0 ,o3) .
The a n a l y s i s  o f  v a r i a n c e  p r o c e d u r e  f o r  t h e  decompos i t ion  of  the  
t o t a l  v a r i a t i o n  i n  t h e  re sponse  v a r i a b l e  Y^ i n t o  i t s  component p a r t s  was 
performed f o r  the  purposes  of  making i n f e r e n c e s  on t h e  s i g n i f i c a n c e  o f  
t h e  f i t t e d  r e g r e s s i o n  r e l a t i o n .  To t e s t  whether  t h e r e  was a r e l a t i o n
b e t w e e n  t h e  d e p e n d e n t  v a r i a b l e  Yj and t h e  s e t  o f  independent  v a r i a b l e s
, . . . ,  X^j., t h e  s t a t i s t i c  F* = MSR/HSE was com pu ted .  Under  the  
a s s u m p t i o n s  o f  t h e  model ,  F*,  i s  d i s t r i b u t e d  as  an F d i s t r i b u t i o n  w i t h  
( k ,  n - k - 1 ) deg rees  o f  freedom. I f  t h e  computed va lu e  o f  F* > F ( l - o ,  k ,  
n - k - 1 )  , t h e  n u l l  h y p o t h e s i s  H0 : P i  = P2 = •••  = Pk = ® was r e j e c t e d  a t  
t h e  a s i g n i f i c a n c e  l e v e l  i n  f a v o r  o f  Ha : n o t  a l l  P t  = 0 .  I f  the  n u l l  
h y p o t h e s i s  i s  r e j e c t e d ,  we conclude  t h a t  one or  more of  the  r e g r e s s i o n  
c o e f f i c i e n t s  has  an a b s o l u t e  va lu e  g r e a t e r  t h a n  o r  e q u a l  t o  z e r o ,  and 
t h a t  t h e  r e g r e s s i o n  e q u a t io n  e x p l a i n s  a s i g n i f i c a n t  p o r t i o n  o f  t h e  t o t a l  
v a r i a t i o n  i n  Y. The c o e f f i c i e n t  of  m u l t i p l e  d e t e r m i n a t i o n ,  deno ted  R2 , 
w h ic h  m ea su res  t h e  p r o p o r t i o n a t e  r e d u c t i o n  of  the  t o t a l  v a r i a t i o n  i n  Yj 
a s s o c i a t e d  w i t h  t h e  use of  the  s e t  of  Xjj  v a r i a b l e s ,  was a l s o  computed 
f o r  each r e g r e s s i o n  equ a t io n .
Severa l  methods f o r  s e l e c t i n g  t h e  sub s e t s  of  independent  v a r i a b l e s ,  
and f o r  s p e c i f y in g  t h e i r  o rde r  of  i n c l u s i o n  i n t o  t h e  r e g r e s s i o n  model
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were examined. For  any one cyc le  y e a r  and c a t e g o r y  o f  d a t a ,  h o w e ve r ,  
o n l y  t h a t  method o r  methods which produced t h e  most a p p r o p r i a t e  models,  
i n  terms of  h a r v e s t  c o n t r o l  i n fo rm a t io n ,  were used .  I n  such i n s t a n c e s ,  
c o m p a r i s o n s  o f  t h e  models were made. In  t h e  case  where the  independent  
v a r i a b l e s  were added t o  the  model i n  a s te p w is e  manner,  the  i n c r e m e n t a l  
R2 a t t r i b u t a b l e  t o  t h e  v a r i a b l e  added  a t  e a c h  s t e p  was computed .  
S i g n i f i c a n c e  t e s t s  on  t h e s e  p a r t  c o r r e l a t i o n  c o e f f i c i e n t s  were  
p e r f o r m e d ,  when n e c e s s a r y ,  by s t a n d a r d  m e t h o d o l o g y  ( s e e  N e t e r  a n d  
Wasserman 1974) .
The f o r w a r d ,  s t e p w i s e  i n c l u s i o n  m ethod  was u s e d  t o  i s o l a t e  the  
' b e s t '  s u b s e t  o f  i n d e p e n d e n t  v a r i a b l e s  t h a t  y i e l d e d  t h e  o p t i m a l  
p r e d i c t i o n  e q u a t i o n  w i t h  as  few t e r m s  a s  p o s s i b l e .  The term ' b e s t '  
im pl ie s  t h a t  the  s u bse t  of  independent  v a r i a b l e s  s e l e c t e d  a c c o u n t e d  f o r  
t h e  g r e a t e s t  r e d u c t i o n  i n  the  t o t a l  v a r i a t i o n  of  the  response  v a r i a b l e  
Y j .  H i e r a r c h i a l  methods of  s e l e c t i o n  and i n c l u s i o n  of  the  independent  
v a r i a b l e s  w e r e  a l s o  p e r f o r m e d  a c c o r d i n g  t o  c e r t a i n  p r e s p e c i f i e d  
c r i t e r i a .  The c r i t e r i a  e s t a b l i s h e d  f o r  t h i s  purpose  were:
1.  I n c l u s i o n  o f  a l l  i n d e p e n d e n t  v a r i a b l e s  i n  a s t e p w i s e  manner  
b e g i n n i n g  w i t h  t h a t  d i s t r i c t  most h ig h ly  c o r r e l a t e d  w i th  t h e  dependent  
v a r i a b l e  (sound-wide  mean d a t e  o f  m i g r a t i o n )  i n  t e r m s  o f  h a v in g  t h e  
h i g h e s t  r ,  f o l l o w e d  by  t h e  n e x t  most h i g h l y  c o r r e l a t e d  d i s t r i c t ,  . . . ,  
the  l e a s t  most  h ig h ly  c o r r e l a t e d  d i s t r i c t .
2 .  The s e l e c t i o n  o f  a s u bse t  of  independen t  v a r i a b l e s  on the  b a s i s  
of  those  d i s t r i c t s  w i t h  an e a r l i e r  average mean d a t e  o f  m i g r a t i o n  t h a n  
t h e  s o u n d - w id e  a v e r a g e  mean d a t e  o f  m i g r a t i o n ,  t h e n  o r d e r i n g  t h e i r  
i n c l u s i o n  beg inn ing  w i th  the ' e a r l i e s t *  d i s t r i c t ,  t h e  n e x t  ' e a r l i e s t '
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d i s t r i c t ,  the  ' l a t e s t '  d i s t r i c t  from t h i s  s u b s e t .  No d i s t r i c t s  i n
t h a t  y e a r  c y c l e  and  da ta  c a t e g o ry  w i t h  an average mean d a te  l a t e r  t h an  
t h e  sound-wide average mean d a t e  were con s id e red  f o r  i n c l u s i o n  i n  t h i s  
model .
3 .  The s e l e c t i o n  o f  a s u b s e t  of  independent  v a r i a b l e s  on th e  b a s i s  
o f  those d i s t r i c t s  t h a t  were b o t h  h i g h ly  c o r r e l a t e d  w i t h  t h e  d e p e n d e n t  
v a r i a b l e ,  and had  a n  e a r l i e r  a v e r a g e  mean da te  of  m ig r a t i o n  t h a n  th e  
sound-wide average mean d a t e .
4 .  The s e l e c t i o n  o f  t h o s e  independen t  v a r i a b l e s  on t h e  b a s i s  of  
s u b s e t s ,  of  d i s t r i c t s ,  i f  any,  i d e n t i f i e d  from the  a n a l y s i s  o f  v a r i a n c e  
model , and from S c h e f f e ' s  a p r i o r i  method o f  m u l t i p l e  com bina t ions .




4.1  Timing Behav ior  o f  the  P ink  Salmon F i s h e r y
Migra to ry  time d e n s i t i e s  f o r  each d a ta  c a te go ry  of  c a t c h ,  CPUE, and 
spawning escapement  were c a l c u l a t e d  on a sound-wide b a s i s  ( a l l  d i s t r i c t s  
combined),  and f o r  each d i s t r i c t  indep e n d e n t ly ,  f o r  every a v a i l a b l e  y e a r  
o f  d a t a  ( T a b l e s  1 and  2 ) .  The d e s c r i p t i v e  s t a t i s t i c s  o f  mean and 
v a r i a n c e  f o r  a l l  annual  t ime d e n s i t i e s  of  the  c a t e g o r i e s  of  c a tc h ,  CPUE, 
and e s c a p e m e n t  w ere  a l s o  c a l c u l a t e d  (Tables  3,  4 ,  and 5 ) .  A t o t a l  of  
th ree -hund red  and f i f t y - s e v e n  s u c h  e m p i r i c a l  d e n s i t y  f u n c t i o n s  w ere  
g e ne ra te d  by the  a n a l y s i s  (Rugolo 1984) ,  n in e ty —t h r e e  each f o r  c a t c h  and 
CPUE, and one-hundred and seven ty-one  f o r  spawning escapement .
A l l  d i s t r i c t  and s o u n d - w id e  a n n u a l  m i g r a t o r y  t ime d e n s i t i e s  f o r  
e ach  d a t a  c a t e g o r y  w ere  g r o u p e d  a c c o r d i n g  t o  e v e n  a n d  o d d  y e a r s .  
Ave rage  d a i l y  p r o p o r t i o n s  and average cumula t ive  d a i l y  p r o p o r t i o n s  were 
c a l c u l a t e d  f o r  bo th  c yc le  y e a r s  on a d i s t r i c t  b a s i s  f o r  a l l  y e a r s  o f  
r e c o r d .  A t o t a l  o f  42 management  d i s t r i c t  a v e r a g e  h i s t o r i c a l  t ime 
d e n s i t i e s  f o r  b o t h  c y c l e  y e a r s  ( A p p e n d i x  B) , t o g e t h e r  w i t h  t h e  
c o r r e s p o n d i n g  g r a p h s  o f  t h e  t im e  s e r i e s  o f  a v e r a g e  d a i l y  ( w e e k ly )  
cumula t ive p r o p o r t i o n s  (Appendix A) ,  w ere  g e n e r a t e d  by t h e  a n a l y s i s .  
Six sound-wide average h i s t o r i c a l  t ime d e n s i t i e s  f o r  the  c a t e g o r i e s  of
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Table 3. Mean and variance of tbe  annual  m ig r a to r y  t ime d e n s i t i e s  f o r  p in k  
salmon c a t c b  i n  P r i n c e  Wil l iam Sound Alaska 1969 -  1982. Mean: d i g i t  one = 
calendar  month, d i g i t s  two and three = calendar day. Variance i n  square  days .
MEAN DATE
Year Management D i s t r i c t
1 2 3 4 5 6 7 8 1 - 8
1969 731 724 718 723 L 729 730 729
1970 726 726 713 724 ---- 727 ---- 728 726
1971 806 801 724 729 ---- 802 ---- 804 803
1972
1973 731 727 718 720 ---- 729 729 728 727
1974 ----------- ---- 715 714 ---- ---- ---- ------------ 715
1975 725 723 721 723 ---- 728 801 727 726
1976 730 722 721 723 ---- 723 ---- 723 726
1977 709 716 710 713 ---- 722 726 717 715
1978 805 730 714 ---- ---- ---- ---- 805 803
1979 715 716 709 720 ------------ 726 726 724 722
1980 802 725 723 724 ---- 731 * 727 731
1981 717 712 720 729 ---- 723 729 723 721
1982 808 804 731 730 ** 
VARIANCE
807 *** 806 806
1969 41.5 34.7 156.7 40.4 . 47.6 ---------------- 39.3 50.6
1970 66.4 49.2 139.8 37.8 ------ 45.0 ---------------- 1.2 56.4
1971 55.6 61.3 48.4 41.6 ------ 48.3 ---------------- 42.4 58.6
1972 ------ ---------------- --------------- ---------------- ------ ------ --------------- ------
1973 21.8 11.9 19.6 24.7 ------ 14.0 9.4 13.7 26.1
1974 ------ ------ 11.5 22.2 ---------------- ------ ------ ------ 14.5
1975 50.4 47.2 43.2 67.8 ------ 32.5 21.5 40.8 47.5
1976 182.0 38.5 64.3 31.7 ------ 27.7 ------ 34.6 122.1
1977 171.4 55.8 48.2 75.5 ------ 35.0 1.3 45.0 124.0
1978 144.8 122.1 45.5 ------ ------ ------ ------ 7 .8 133.3
1979 226.3 69.5 117.2 30.1 ------ 96.2 51.0 65.9 144.8
1980 110.9 50.4 73.3 75.7 ------ 75.0 * 47.8 85.8
1981 183.8 114.3 177.5 9.2 ------ 105.8 15.0 57.8 128.2
1982 85.8 44.3 58.9 102.0 ** 60.0 *** 15.3 66.8
* -  Mean = 818, Variance = 0 .0  -  based on one day o f ca tch .
** -  Mean = 715, Variance = 0 .0  -  based on one day of catch.
*** -  Mean = 812, Variance = 0 .2  -  based on two days of ca tch .
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Table 4 . Mean and variance of tb e  annual m ig ra to ry  t ime d e n s i t i e s  f o r  p ink  
salmon CPUE in  P r in c e  Wil l iam Sonnd Alaska 1969 -  1982. Mean: d i g i t  one = 
calendar month, d i g i t s  two and th ree  = calendar day. Variance in  square days .
MEAN DATE
Year Management D is tr ic t
1 2 3 4 5 6 7 8 •1 -  1
1969 728 726 728 726 724 728 727
1970 724 727 722 726 ---- 727 ---- 729 725
1971
1 07*)
804 803 727 802 —- 802 —— 804 803
1973 729 728 720 719 ---- 728 727 728 723
1974 ---- ---- 713 713 ---- ---- ---- ---- 713
1975 725 724 723 725 ---- 727 730 726 725
1976 723 719 721 723 ---- 724 ---- 723 723
1977 713 718 712 714 ---- 719 727 716 715
1978 809 803 717 ---- ---- ---- ---- 806 808
1979 722 724 715 720 ---- 731 727 723 728
1980 801 728 724 727 ---- 809 * 728 802
1981 724 718 727 729 ---- 811 731 722 810
1982 805 804 801 729 ** 803 *** 809 803
VARIANCE
1969 70.3 46.4 77.5 46.5 ------ 158.9 ------ 88.8 108.8
1970 60.1 52.8 75.6 44.8 ------ 82.7 ------ 2.0 108.5
1971
1 070
68.1 72.2 48.0 38.6 ------ 58.7 ------ 51.2 72.1
Xt/Z
1973 20.4 16.3 46.4 84.9 ------ 14.3 9.6 13.4 69.4
1974 ------ ------ 22.3 28.1 ------ ------ ------ ------ 26.0
1975 47.5 46.2 62.2 59.7 ------ 42.3 17.5 60.1 70.6
1976 137.9 56.2 57.1 32.3 ------ 41.8 ------ 35.0 155.2
1977 145.9 54.2 72.7 96.3 ------ 62.5 2.6 58.1 133.7
1978 204.5 104.6 22.0 ------ ------ ------ ------ 9.9 192.6
1979 272.6 71.4 157.4 39.5 ------ 225.5 67.7 70.4 328.4
1980 114.6 54.5 65.1 81.3 ------ 154.3 * 66.1 122.2
1981 211.8 88.4 88.3 13.7 ------ 168.3 23.7 117.8 239.4
1982 254.0 96.6 74.2 81.7 ** 180.4 «** 37.2 204.6
* -  Mean = 818, Variance = 0 .0  -  based on one day of ca tch .
** -  Mean = 715, Variance = 0.0 -  based on one day of catch .
*** -  Mean = 812, Variance = 0 .2  -  based on two days of catch .
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Table 5 . Mean and variance of the  annual m ig ra to ry  t ime d e n s i t i e s  f o r  p in k  
salmon escapement in  P rince William Sound Alaska 1969 -  1982. Mean: d i g i t  one =




Management D is tr ic t  
4 5 6 7 8 1 - 8
1964 818 822 812 820 811 825 820 819 819
1965 818 821 813 826 828* 823 826 823 823
1966 808 817 818 819 724* 820 824 823 815
1967 822 809 820 809 828 821 821 821 818
1968 730 808 806 819 825 825 823 823 813
1969 816 805 801 815 ---- 817 802 802 810
1970 816 814 815 813 823 813 819 819 816
1971 829 815 908 910 905 904 902 829 830
1972 818 820 813 818 ---- 820 825 825 819
1973 803 804 813 821 ---- 821 815 813 810
1974 811 814 811 817 ---- 817 817 816 814
1975 805 805 808 824 ---- 825 824 822 812
1976 825 823 824 818 ---- 820 826 826 824
1977 803 805 824 823 820 821 819 817 814
1978 824 818 818 817 ---- 818 825 825 821
1979 807 808 820 829 ---- 826 814 813 813
1980 814 818 818 817 824 818 820 820 817
1981 807 807 801 815 812 824 814 811 810
1982 815 824 820 819 817 819 824 823 820
1983 723 724 730 729 ----
VARIANCE
728** 729 729 727
1964 3.7 3 .1 4.3 2.7 5.2 4.1 2.0 1.8 3.5
1965 5.4 1 .9 3.4 0.6 0 . 0* 1.0 0.6 0.6 2.3
1966 2.7 8.1 3.3 3.1 0 .0* 2.6 1.2 1 .4 4.6
1967 3.6 1.8 2.5 2.3 0.2 2.4 1 .9 2.0 3.2
1968 1.9 1.8 1.0 0.2 0.1 0.2 1.1 1.2 3.8
1969 4.2 2 .9 2.8 2.1 ---- 1.7 0.8 0.8 3.8
1970 5.2 2.1 2.2 2.3 1.0 1.9 2.8 3.1 3 .8
1971 5.6 3 .7 6.4 4.7 0 .7 1.9 2.3 3.2 4.7
1972 2.4 2.0 1.6 1.8 ---- 2.0 1.5 1.7 2.3
1973 4.7 3.5 2.2 1.9 ---- 1.3 2 .4 2.3 3.7
1974 4.0 2.1 1 .4 2.3 ---- 2 .9 3.9 4.0 3.1
1975 3.3 2.8 1.9 0.6 ---- 1.5 2.6 3.0 3 .9
197 6 5.0 3.9 2.2 3.2 ---- 2.8 1.2 1.2 4.0
1977 5.4 5.5 5.4 2.1 5.6 2.1 2.7 3.2 5.5
1978 4.8 2.0 1.3 1.5 ---- 1.0 1.9 2.0 3.0
1979 7.3 5 .9 3.0 1.5 ---- 3.4 5.0 5.1 6.3
1980 4.5 2.2 2.6 3.0 1.3 2.3 2.9 3.3 3.5
1981 8.3 7.0 3.7 5.1 0 .9 1.0 5.0 4.9 6.8
1982 4.5 2.6 2.4 4.0 3 .1 4.6 3.1 3.1 3.7
1983 1.0 1.5 0 .4 0.2 — - 0 . 2** 0 .4 0 .4 0.8
* / ** -  based on one /  two week(s) of escapement enumeration, resp e c tiv e ly .
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T a b le  6 . Ave rage  d a i l y  p r o p o r t i o n  o f  c a t c h ,  a v e r a g e  c u m u l a t i v e  
p r o p o r t i o n  o f  c a t c h ,  t h e i r  c o e f f i c i e n t s  o f  v a r i a t i o n ,  s t a n d a r d  
d e v i a t i o n s  ( z lO O ) ,  and sample  s i z e s  f o r  e v e n - y e a r s :  1 9 7 0  -  1 9 8 2 ,  
















6 618 1 .0000 0 0 1 .0000 0 0
7 619 1 .0000 0 0 2 .0000 0 0
8 620 1 .0000 0 0 2 .0000 0 0
9 621 2 .0000 100 0 2 .0000 100 0
10 622 3 .0001 70 0 3 .0001 74 0.01
11 623 2 .0002 60 0.01 3 .0003 70 0.02
12 624 2 .0002 19 0 3 .0005 74 0.03
13 625 2 .0002 60 0.01 3 .0006 79 0.05
14 626 3 .0007 84 0.05 4 .0010 64 0.06
15 627 3 .0002 112 0.02 4 .0012 65 0.07
16 628 2 .0003 66 0.02 4 .0013 51 0.07
17 629 3 .0005 75 0.04 4 .0017 50 0.08
18 630 2 .0008 75 0.06 4 .0021 63 0.13
19 701 3 .0010 64 0.06 4 .0029 65 0.19
20 702 3 .0009 36 0.03 4 .0035 65 0.23
21 703 2 .0034 8 0.02 4 .0053 75 0.40
22 704 1 .0024 0 0 4 .0059 78 0.46
23 705 3 .0036 99 0.36 5 .0068 106 0.73
24 706 3 .0016 62 0.10 5 .0078 94 0.74
25 707 3 .0020 40 0.08 5 .0091 80 0.73
26 708 4 .0098 129 1.27 5 .0169 107 1.82
27 709 4 .0252 102 2.57 5 .0371 112 4.17
28 710 5 .0200 116 2.33 5 .0572 105 6.02
29 711 3 .0132 70 0.93 5 .0651 102 6.69
30 712 5 .0347 111 3.89 5 .0999 105 10.52
31 713 4 .0234 51 1.21 5 .1186 83 9.85
32 714 6 .0166 69 1.15 6 .1155 83 9.62
33 715 5 .0407 81 3.31 6 .1495 84 12.63
34 716 5 .0452 102 4.64 6 .1872 90 16.87
35 717 6 .0397 119 4.76 6 .2270 93 21.22
36 718 5 .0398 114 4.56 6 .2602 97 25.26
37 719 4 .0627 119 7.52 6 .3019 105 31.95
38 720 4 .0329 50 1.66 6 .3239 96 31.30
39 721 5 .0321 50 1.63 6 .3508 86 30.47
40 722 5 .0292 71 2.10 6 .3751 79 29.85
41 723 4 .0357 50 1.80 6 .3990 73 29.43
42 724 4 .0256 100 2.57 6 .4160 69 29.08
43 725 3 .0188 78 1.47 6 .4255 67 28.86
44 726 4 .0209 136 2.86 6 .4394 65 28.81
45 727 3 .0618 52 3.22 6 .4704 61 29.13
46 728 4 .0578 46 2.68 6 .5090 58 29.54
47 729 4 .0463 49 2.30 6 .5398 55 30.21
48 730 4 .0447 18 0.83 6 .5697 53 30.26
49 731 4 .0413 54 2.25 6 .5972 49 29.67
50 801 3 .0456 67 3.09 6 .6200 45 28.39
51 802 1 .0541 0 0 6 .6290 43 27.29
52 803 3 .0831 60 5.02 6 .6706 35 23.99
53 804 4 .0784 53 4.21 6 .7229 29 21.03
54 805 4 .0356 54 1.93 6 .7467 26 19.97
55 806 3 .0507 14 0.74 6 .7721 25 19.36


















56 807 3 .0317 58 1.85 6 .7879 23 18.39
57 808 2 .0466 29 1.38 6 .8035 21 17.19
58 809 2 .1053 50 5.31 6 .8386 15 12.91
59 810 1 .0383 0 0 6 .8449 14 12.05
60 811 3 .0693 55 3.83 6 .8796 11 9.83
61 812 2 .0401 9 0.38 6 .8930 9 8.86
62 813 3 .0465 40 1.88 6 .9162 8 7.65
63 814 3 .0642 65 4.23 6 .9484 5 5.21
64 815 3 .0237 59 1.41 6 .9602 4 4.13
65 816 2 .0130 99 1.29 6 .9646 3 3.33
66 817 1 .0234 0 0 6 .9685 2 2.69
67 818 3 .0232 58 1.35 6 .9801 2 2.00
68 819 3 .0092 66 0.61 6 .9847 1 1.85
69 820 1 .0127 0 0 6 .9869 1 1.72
70 821 2 .0055 5 0.02 6 .9887 1 1.72
71 822 3 .0126 84 1.06 6 .9950 0 0.77
72 823 2 .0050 56 0.28 6 .9967 0 0.49
73 824 3 .0022 70 0.15 6 .9977 0 0.33
74 825 2 .0038 45 0.17 6 .9990 0 0.12
75 826 2 .0015 3 0 6 .9995 0 0
76 827 2 .0001 33 0 6 .9996 0 0
77 828 2 .0002 0 0 6 .9997 0 0
78 829 0 .0000 0 0 6 .9997 0 0
79 830 2 .0007 73 0.05 6 .9999 0 0
80 831 0 .0000 0 0 6 .9999 0 0
81 901 0 .0000 0 0 6 .9999 0 0
82 902 0 .0000 0 0 6 .9999 0 0
83 903 0 .0000 0 0 6 .9999 0 0
84 904 0 .0000 0 0 6 .9999 0 0
85 905 0 .0000 0 0 6 .9999 0 0
86 906 0 .0000 0 0 6 .9999 0 0
87 907 0 .0000 0 0 6 .9999 0 0
88 908 0 .0000 0 0 6 .9999 0 0
89 909 0 .0000 0 0 6 .9999 0 0
90 910 0 .0000 0 0 6 .9999 0 0
91 911 0 .0000 0 0 6 .9999 0 0
92 912 0 .0000 0 0 6 .9999 0 0
93 913 0 .0000 0 0 6 .9999 0 0
94 914 1 .0002 0 0 6 1.0000 0 0
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
56
T a b l e  7 .  Ave rage  d a i l y  p r o p o r t i o n  o f  c a t c h ,  a v e r a g e  c u m u l a t i v e  
p r o p o r t i o n  o f  c a t c h ,  t h e i r  c o e f f i c i e n t s  o f  v a r i a t i o n ,  s t a n d a r d  
d e v i a t i o n s  (x lO O) ,  and sample  s i z e s  f o r  o d d - y e a r s :  1 9 6 9  -  1 9 8 1 ,  
















2 614 1 .0000 0 0 1 .0000 0 0
3 615 0 .0000 0 0 1 .0000 0 0
4 616 1 .0001 0 0 2 .0000 100 0
5 617 2 .0000 0 0 3 .0000 141 0
6 618 1 .0000 0 0 3 .0000 141 0
7 619 1 .0000 0 0 3 .0000 141 0
8 620 3 .0000 141 0 4 .0000 100 0
9 621 4 .0000 173 0 5 .0000 89 0
10 622 3 .0000 141 0 6 .0001 125 0.01
11 623 3 .0002 70 0.01 6 .0002 128 0.02
12 624 3 .0058 139 0.81 6 .0031 202 0.63
13 625 5 .0026 190 0.50 6 .0053 207 1.11
14 626 5 .0020 174 0.35 6 .0070 204 1.44
15 627 6 .0172 149 2.57 7 .0208 121 2.52
16 628 5 .0140 128 1.80 7 .0308 130 4.02
17 629 5 .0125 119 1.50 7 .0398 135 5.38
18 630 6 .0052 166 0.86 7 .0443 138 6.12
19 701 5 .0065 150 0.98 7 .0490 141 6.92
20 702 7 .0029 150 0.44 7 .0519 135 7.05
21 703 5 .0033 121 0.40 7 .0543 131 7.16
22 704 6 .0057 169 0.98 7 .0593 135 8.02
23 705 7 .0060 159 0.97 7 .0653 136 8.95
24 706 6 .0101 108 1.09 7 .0740 134 9.98
25 707 6 .0080 126 1.01 7 .0809 132 10.73
26 708 5 .0099 110 1.09 7 .0880 130 11.45
27 709 7 .0091 136 1.24 7 .0971 122 11.87
28 710 6 .0089 115 1.03 7 .1048 116 12.22
29 711 6 .0111 133 1.49 7 .1144 117 13.45
30 712 6 .0133 117 1.56 7 .1259 117 14.74
31 713 5 .0222 64 1.44 7 .1417 113 16.12
32 714 6 .0217 68 1.48 7 .1604 103 16.59
33 715 6 .0208 71 1.50 7 .1783 97 17.46
34 716 7 .0193 62 1.21 7 .1977 88 17.53
35 717 7 .0222 73 1.63 7 .2199 80 17.62
36 718 6 .0295 61 1.81 7 .2452 76 18.84
37 719 5 .0242 55 1.33 7 .2626 75 19.78
38 720 6 .0277 71 1.98 7 .2864 74 21.35
39 721 6 .0375 51 1.94 7 .3185 68 21.69
40 722 6 .0363 62 2.25 7 .3497 63 22.16
41 723 7 .0460 62 2.86 7 .3958 52 20.79
42 724 7 .0374 79 2.99 7 .4333 45 19.91
43 725 6 .0503 54 2.73 7 .4764 43 20.62
44 726 7 .0352 98 3.47 7 .5117 40 20.66
45 727 6 .0416 51 2.13 7 .5473 39 21.49
46 728 6 .0508 52 2.69 7 .5909 35 21.10
47 729 6 .0422 50 2.11 7 .6271 32 20.67
48 730 7 .0552 48 2.65 7 .6823 27 18.86
49 731 6 .0525 49 2.61 7 .7274 25 18.66
50 801 5 .0480 60 2.91 7 .7617 24 18.80
51 802 5 .0399 70 2.79 7 .7902 21 17.09
















52 803 5 .0442 62 2.78 7 .8218 19 16.06
53 804 5 .0496 59 2.97 7 .8572 15 13.33
54 805 5 .0439 69 3.03 7 .8886 12 11.33
55 806 6 .0409 59 2.43 7 .9237 10 9.34
56 807 5 .0191 85 1.64 7 .9374 9 9.29
57 808 6 .0107 124 1.34 7 .9466 10 9.60
58 809 3 .0269 125 3.38 7 .9582 7 7.04
59 810 3 .0253 108 2.74 7 .9690 5 4.87
60 811 3 .0195 118 2.31 7 .9774 3 3.12
61 812 3 .0134 128 1.72 7 .9832 1 1.90
62 813 3 .0168 46 0.77 7 .9904 1 1.10
63 814 4 .0028 63 0.18 7 .9920 1 1.04
64 815 3 .0023 71 0.17 7 .9930 0 0.98
65 816 3 .0095 131 1.26 7 .9971 0 0.52
66 817 1 .0013 0 0 7 .9973 0 0.52
67 818 1 .0049 0 0 7 .9980 0 0.35
68 819 0 .0000 0 0 7 .9980 0 0.35
69 820 2 .0023 36 0.08 7 .9987 0 0.24
70 821 1 .0005 0 0 7 .9988 0 0.24
71 822 2 .0019 79 0.15 7 .9993 0 0.11
72 823 1 .0003 0 0 7 .9994 0 0.11
73 824 2 .0014 92 0.13 7 .9998 0 0
74 825 1 .0002 0 0 7 .9998 0 0
75 826 0 .0000 0 0 7 .9998 0 0
76 827 0 .0000 0 0 7 .9998 0 0
77 828 1 .0001 0 0 7 .9998 0 0
78 829 0 .0000 0 0 7 .9998 0 0
79 830 0 .0000 0 0 7 .9998 0 0
80 831 1 .0003 0 0 7 .9999 0 0
81 901 0 .0000 0 0 7 .9999 0 0
82 902 0 .0000 0 0 7 .9999 0 0
83 903 0 .0000 0 0 7 .9999 0 0
84 904 0 .0000 0 0 7 .9999 0 0
85 905 0 .0000 0 0 7 .9999 0 0
86 906 0 .0000 0 0 7 .9999 0 0
87 907 0 .0000 0 0 7 .9999 0 0
88 908 0 .0000 0 0 7 .9999 0 0
89 909 0 .0000 0 0 7 .9999 0 0
90 910 0 .0000 0 0 7 .9999 0 0
91 911 0 .0000 0 0 7 .9999 0 0
92 912 1 .0006 0 0 7 1.0000 0 0
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T a b l e  8 . Average  d a i l y  p r o p o r t i o n  o f  CPUE, a v e r a g e  c u m u l a t i v e  
p r o p o r t i o n  o f  CPUE, t h e i r  c o e f f i c i e n t s  o f  v a r i a t i o n ,  s t a n d a r d  d e v i a t i o n s  
(xlOO), and sample s i z e s  f o r  e v e n -y e a r s :  1970 -  1982 ,  e x c l u d i n g  1 9 7 2 .  
















6 618 1 .0008 0 0 1 .0008 0 0
7 619 1 .0000 0 0 2 .0004 100 0.04
8 620 1 .0001 0 0 2 .0004 77 0.03
9 621 2 .0005 83 0.05 2 .0010 80 0.08
10 622 3 .0011 63 0.06 3 .0013 93 0.12
11 623 2 .0013 18 0.02 3 .0020 81 0.16
12 624 2 .0015 16 0.02 3 .0033 74 0.24
13 625 2 .0015 26 0.04 3 .0043 71 0.30
14 626 3 .0057 106 0.62 4 .0072 68 0.49
15 627 3 .0015 105 0.16 4 .0084 71 0.61
16 628 2 .0019 63 0.11 4 .0095 60 0.57
17 629 3 .0022 35 0.07 4 .0112 47 0.53
18 630 2 .0035 42 0.14 4 .0130 45 0.59
19 701 3 .0050 77 0.38 4 .0167 54 0.91
20 702 3 .0040 37 0.14 4 .0197 56 1.12
21 703 2 .0116 20 0.23 4 .0255 65 1.67
22 704 1 .0111 0 0 4 .0282 73 2.06
23 705 3 .0122 85 1.05 5 .0298 103 3.07
24 706 3 .0055 14 0.08 5 .0332 90 2.99
25 707 3 .0073 51 0.37 5 .0374 75 2.83
26 708 4 .0290 113 3.29 5 .0608 95 5.82
27 709 4 .0363 102 3.72 5 .0902 103 9.36
28 710 5 .0476 80 3.84 5 .1376 89 12.28
29 711 3 .0172 62 1.08 5 .1478 89 13.17
30 712 5 .0356 91 3.25 5 .1835 89 16.36
31 713 4 .0225 45 1.01 5 .2016 77 15.62
32 714 6 .0189 26 0.50 6 .1868 86 16.23
33 715 5 .0335 76 2.56 6 .2148 86 18.58
34 716 5 .0341 80 2.76 6 .2435 86 21.11
35 717 6 .0447 76 3.41 6 .2879 83 24.06
36 718 5 .0326 80 2.63 6 .3148 83 26.35
37 719 4 .0479 114 5.50 6 .3473 89 31.07
38 720 4 .0247 24 0.61 6 .3638 83 30.5230 721 5 .0255 29 0.74 6 .3851 77 29.73
40 722 5 .0240 42 1.01 6 .4051 71 29.11
41 723 4 .0306 17 0.54 6 .4255 67 28.55
42 724 4 .0295 28 0.84 6 .4451 62 28.02
43 725 3 .0375 21 0.81 6 .4638 58 27.31
44 726 4 .0375 13 0.52 6 .4890 55 26.94
45 727 3 .0429 28 1.21 6 .5103 53 27.18
46 728 4 .0407 15 0.64 6 .5376 50 27.05
47 729 4 .0357 17 0.61 6 .5613 48 27.10
48 730 4 .0304 18 0.56 6 .5816 46 27.12
49 731 4 .0513 57 2.95 6 .6158 45 28.12
50 801 3 .0330 42 1.41 6 .6325 43 27.77
51 802 1 .0197 0 0 6 .6358 43 27.60
52 803 3 .0513 53 2.75 6 .6615 38 25.31
53 804 4 .0522 55 2.90 6 .6963 32 22.45
54 805 4 .0612 76 4.67 6 .7370 25 18.86
55 806 3 .0348 34 1.21 6 .7544 24 18.63


















56 807 3 .0291 23 0.68 6 .7691 24 18.58
57 808 2 .0252 11 0.29 6 .7774 23 18.09
58 809 2 .0483 61 2.95 6 .7936 20 15.91
59 810 1 .0171 0 0 6 .7965 19 15.66
60 811 3 .0402 47 1.90 6 .8165 16 13.71
61 812 2 .0266 16 0.44 6 .8253 15 13.18
62 813 3 .0314 27 0.86 6 .8413 13 11.63
63 814 3 .0450 53 2.41 6 .8636 13 11.53
64 815 3 .0280 34 0.96 6 .8776 11 10.08
65 816 2 .0166 20 0.33 6 .8831 11 9.90
66 817 1 .0198 0 0 6 .8865 10 9.63
67 818 3 .0286 22 0.63 6 .9008 10 9.77
68 819 3 .0232 37 0.87 6 .9125 10 9.86
69 820 1 .0190 0 0 6 .9156 10 9.70
70 821 2 .0198 39 0.77 6 .9223 10 9.73
71 822 3 .0339 32 1.09 6 .9393 9 8.58
72 823 2 .0213 35 0.76 6 .9465 7 7.50
73 824 3 .0328 43 1.44 6 .9628 6 5.87
74 825 2 .0375 64 2.40 6 .9755 3 3.68
75 826 2 .0221 29 0.65 6 .9828 2 2.56
76 827 2 .0052 2 0.01 6 .9845 2 2.34
77 828 2 .0152 44 0.67 6 .9896 1 1.53
78 82 9 0 .0000 0 0 6 .9896 1 1.53
79 830 2 .0233 65 1.52 6 .9975 0 0.55
80 831 0 .0000 0 0 6 .9975 0 0.55
81 901 0 .0000 0 0 6 .9975 0 0.55
82 902 0 .0000 0 0 6 .9975 0 0.55
83 903 0 .0000 0 0 6 .9975 0 0.55
84 904 0 .0000 0 0 6 .9975 0 0.55
85 905 0 .0000 0 0 6 .9975 0 0.55
86 906 0 .0000 0 0 6 .9975 0 0.55
87 907 0 .0000 O 0 6 .9975 0 0.55
88 908 0 .0000 0 0 6 .9975 0 0.55
89 909 0 .0000 0 0 6 .9975 0 0.55
90 910 0 .0000 0 0 6 .9975 0 0.55
91 911 0 .0000 0 0 6 .9975 0 0.55
92 912 0 .0000 0 0 6 .9975 0 0.55
93 913 0 .0000 0 0 6 .9975 0 0.55
94 914 1 .0149 0 0 6 1.0000 0 0
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T a b l e  9 .  Average  d a i l y  p r o p o r t i o n  o f  CPUE, a v e r a g e  c u m u l a t i v e  
p r o p o r t i o n  o f  CPUE, t h e i r  c o e f f i c i e n t s  o f  v a r i a t i o n ,  s t a nda rd  d e v i a t i o n s  
(xlOO), and sample s i z e s  f o r  o d d - y e a r s :  1969 -  1981 , i n c l u s i v e .  A l l  
















2 614 1 .0000 0 0 1 .0000 0 0
3 615 0 .0000 0 0 1 .0000 0 0
4 616 1 .0168 0 0 2 .0084 99 0.84
5 617 2 .0009 89 0.08 3 .0063 119 0.75
6 618 1 .0002 0 0 3 .0063 118 0.74
7 619 1 .0001 0 0 3 .0063 117 0.74
8 620 3 .0005 128 0.06 4 .0052 131 0.68
9 621 4 .0004 139 0.06 5 .0045 139 0.63
10 622 3 .0005 129 0.07 5 .0044 147 0.64
11 623 3 .0020 105 0.21 6 .0046 145 0.67
12 624 3 .0016 112 0.18 6 .0055 119 0.65
13 625 5 .0012 91 0.11 6 .0065 103 0.67
14 626 5 .0017 128 0.22 6 .0078 83 0.65
15 627 6 .0157 142 2.24 7 .0201 118 2.37
16 628 5 .0130 134 1.75 7 .0295 133 3.94
17 629 5 .0101 139 1.42 7 .0367 141 5.19
18 630 6 .0068 139 0.95 7 .0427 143 6.11
19 701 5 .0051 169 0.86 7 .0465 146 6.81
20 702 7 .0044 106 0.47 7 .0508 142 7.26
21 703 5 .0020 109 0.22 7 .0522 139 7.28
22 704 6 .0059 120 0.71 7 .0572 138 7.93
23 705 7 .0114 83 0.95 7 .0690 121 8.41
24 706 6 .0085 89 0.76 7 .0764 118 9.04
25 707 6 .0085 81 0.69 7 .0838 113 9.55
26 708 5 .0077 76 0.59 7 .0891 111 9.97
27 709 7 .0133 74 0.99 7 .1024 104 10.66
28 710 6 .0095 83 0.80 7 .1107 94 10.44
29 711 6 .0119 70 0.83 7 .1207 92 11.21
30 712 6 .0181 85 1.54 7 .1365 87 11.95
31 713 5 .0191 69 1.32 7 .1500 84 12.69
32 714 6 .0174 61 1.07 7 .1650 78 12.88
33 715 6 .0183 60 1.10 7 .1807 74 13.38
34 716 7 .0183 46 0.85 7 .1990 69 13.80
35 717 7 .0216 54 1.18 7 .2207 64 14.26
36 718 6 .0280 33 0.93 7 .2448 62 15.26
37 719 5 .0240 39 0.95 7 .2620 61 16.07
38 720 6 .0206 33 0.69 7 .2795 59 16.53
39 721 6 .0252 52 1.32 7 .3014 54 16.57
40 722 6 .0273 52 1.43 7 .3247 51 16.84
41 723 7 .0437 71 3.13 7 .3685 53 19.67
42 724 7 .0289 71 2.07 7 .3974 49 19.84
43 725 6 .0396 48 1.92 7 .4314 49 21.31
44 726 7 .0315 57 1.80 7 .4630 48 22.35
45 727 6 .0332 49 1.65 7 .4914 46 22.94
46 728 6 .0355 52 1.88 7 .5218 43 22.90
47 729 6 .0326 42 1.37 7 .5498 41 22.88
48 730 7 .0397 41 1.66 7 .5895 40 23.72
49 731 6 .0394 44 1.76 7 .6234 38 23.72
50 801 5 .0366 47 1.75 7 .6495 37 24.60
51 802 5 .0344 37 1.29 7 .6742 36 24.51
















52 803 5 .0283 60 1.70 7 .6945 34 24.15
53 804 5 .0399 45 1.80 7 .7232 32 23.71
54 805 5 .0461 50 2.31 7 .7560 31 23.68
55 806 6 .0280 57 1.60 7 .7800 30 23.83
56 807 5 .0226 71 1.61 7 .7961 29 23.65
57 808 6 .0294 74 2.19 7 .8215 28 23.81
58 809 3 .0221 104 2.32 7 .8310 28 23.39
59 810 3 .0186 120 2.23 7 .8391 27 23.06
60 811 3 .0215 62 1.33 7 .8481 26 22.76
61 812 3 .0158 78 1.24 7 .8550 26 22.35
62 813 3 .0172 41 0.70 7 .8624 26 22.51
63 814 4 .0126 75 0.94 7 .8697 25 22.43
64 815 3 .0935 103 9.69 7 .9097 16 14.77
65 816 3 .0280 51 1.43 7 .9218 16 15.22
66 817 1 .0100 0 0 7 .9232 16 15.20
67 818 0 .0000 0 0 7 .9232 16 15.20
68 819 0 .0000 0 0 7 .9232 16 15.20
69 820 2 .0874 85 7.46 7 .9482 10 9.68
70 821 1 .0076 0 0 7 .9492 10 9.65
71 822 2 .0955 93 8.92 7 .9767 3 3.73
72 823 1 .0044 0 0 7 .9772 3 3.66
73 824 2 .0364 90 3.27 7 .9877 2 2.19
74 825 1 .0089 0 0 7 .9890 2 2.14
75 826 0 .0000 0 0 7 .9890 2 2.14
76 827 0 .0000 0 0 7 .9890 2 2.14
77 828 1 .0063 0 0 7 .9898 2 2.13
78 829 0 .0000 0 0 7 .9898 2 2.13
79 830 0 .0000 0 0 7 .9898 2 2.13
80 831 1 .0081 0 0 7 .9911 2 2.16
81 901 0 .0000 0 0 7 .9911 2 2.16
82 902 0 .0000 0 0 7 .9911 2 2.16
83 903 0 .0000 0 0 7 .9911 2 2.16
84 904 0 .0000 0 0 7 .9911 2 2.16
85 905 0 .0000 0 0 7 .9911 2 2.16
86 906 0 .0000 0 0 7 .9911 2 2.16
87 907 0 .0000 0 0 7 .9911 2 2.16
88 908 0 .0000 0 0 7 .9911 2 2.16
89 909 0 .0000 0 0 7 .9911 2 2.16
90 910 0 .0000 0 0 7 .9911 2 2.16
91 911 0 .0000 0 0 7 .9911 2 2.16
92 912 1 .0618 0 0 7 1.0000 0 0
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Table 10. Average d a i l y  p r o p o r t i o n  of  e s c a p e m e n t ,  a v e r a g e  c u m u l a t i v e  
p r o p o r t i o n  o f  e s c a p e m e n t ,  t b e i r  c o e f f i c i e n t s  o f  v a r i a t i o n ,  s ta nda rd  
d e v i a t i o n s  ( x lO O ) , and sample  s i z e s  f o r  e v e n - y e a r s :  1 9 6 4  -  1 9 8 2 ,  
















1 619 1 .0214 0 0 1 .0214 0 0
2 626 2 .0000 100 0 3 .0071 140 1.00
3 703 4 .0011 74 0.08 5 .0051 157 0.81
4 710 8 .0030 81 0.24 8 .0062 107 0.67
5 717 9 .0146 63 0.93 10 .0182 81 1.48
6 724 10 .0615 97 6.03 10 .0797 77 6.16
7 731 10 .0765 34 2.65 10 .1563 46 7.33
8 807 9 .1216 39 4.77 10 .2657 25 6.71
9 814 10 .2125 27 5.83 10 .4783 24 11.76
10 821 9 .1817 39 7.14 10 .6419 17 10.94
11 828 10 .2060 49 10.14 10 .8479 13 11.14
12 904 8 .1415 53 7.55 10 .9612 5 4.99
13 911 5 .0696 69 4.81 10 .9960 0 0.90
14 918 3 .0106 83 0.89 10 .9992 0 0.22
15 925 1 .0074 0 0 10 1.0000 0 0
T a b l e  1 1 .  Average  d a i l y  p r o p o r t i o n  of  escapement ,  average cumula t ive  
p r o p o r t i o n  of  e s c a p e m e n t ,  t b e i r  c o e f f i c i e n t s  o f  v a r i a t i o n ,  s t a n d a r d  
d e v i a t i o n s  ( x l O O ) ,  a n d  s a m p l e  s i z e s  f o r  o d d - y e a r s :  1965 -  1 983 ,  
















2 626 3 .0004 84 0.03 3 .0004 84 0.03
3 703 4 .0135 92 1.24 4 .0138 92 1.28
4 710 10 .0171 101 1.73 10 .0226 120 2.72
5 717 9 .0522 54 2.82 10 .0696 68 4.75
6 724 10 .0942 75 7.14 10 .1639 68 11.24
7 731 10 .1668 91 15.25 10 .3307 75 24.99
8 807 9 .1181 48 5.68 10 .4371 53 23.40
9 814 9 .1494 67 10.13 10 .5716 38 21.78
10 821 9 .0948 64 6.07 10 .6570 31 20.48
11 828 9 .2477 70 17.49 10 .8800 18 16.43
12 904 6 .1145 51 5.87 10 .9487 11 11.07
13 911 4 .0898 117 10.57 10 .9847 3 3.39
14 918 3 .0464 84 3.92 10 .9986 0 0.40
15 925 1 .0136 0 0 10 1.0000 0 0
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c a t c h ,  CPUE, and spawning e s c a p e m e n t  ( T a b l e s  6 t h r o u g h  11) , t o g e t h e r  
w i t h  t h e  c o r r e s p o n d i n g  g r a p h s  o f  t h e  t im e  s e r i e s  o f  a v e r a g e  d a i l y  
cumulat ive p r o p o r t i o n s  ( F i g s .  5 th rough 1 0 ) ,  were a l s o  c o n s t r u c t e d .
Sound-wide t im ing  o f  the  even-cyc le  o f  c a tc h
Maturing even -year p i n k  salmon m ig ra ted  i n t o  P r i n c e  W i l l i a m  Sound 
f rom J u n e  18 through September 14 ,  based  on commercial c a tc h e s  f rom the  
p u r s e  s e ine  f i s h e r y  from 1970 th rough  1982. On the a ve rage ,  90% o f  a l l  
t h e  c o m m e rc i a l  c a t c h  was t a k e n  d u r i n g  a p e r i o d  o f  57 days (June 18 -  
August 13) i n  t h e s e  y e a r s ,  w i t h  o n e -h a lf  o f  the  c a tc h  o c c u r r in g  p r i o r  t o  
J u l y  28 ( T a b l e  6) . M a t u r i n g  sa lm o n  c o n t i n u e d  t o  m ig ra te  i n t o  P r in c e  
Wil l iam Sound w a te r s  du r ing  September,  b u t  the  m ig r a t i o n  was n e a r l y  over  
by mid-August .  Less t h a n  1% o f  t h e  commercial ca tches  du r ing  even y e a r s  
1970 -  1982 u s u a l l y  were t a k e n  a f t e r  August 21.
On t h e  a v e r a g e ,  the  c e n t r a l  h a l f  of  the  p o p u l a t i o n  (25 -  75%), was 
a v a i l a b l e  f o r  h a r v e s t  over a span  o f  19 days ( J u l y  18 -  August  5 ) .  The 
major  p o r t i o n  o f  the  m i g r a t i o n  (2 .5  -  97.5%) r e q u i r e d  an average  46 days 
( J u l y  8 -  August 18) t o  com ple te ly  t r a v e r s e  the  h a r v e s t  a r e a .  The curve 
f o r  t h e  a v e r a g e  d a i l y  c u m u l a t i v e  p r o p o r t i o n s  of  c a t c h  showed a l i n e a r  
i n c r e a s e  i n  c a t c h  o f  ap p ro x im a te ly  2.6% pe r  day f o r  the  c e n t r a l  h a l f  o f  
t h e  m i g r a t i o n  ( F i g .  5)  d u r i n g  e v e n - y e a r s ,  1970 -  1 9 8 2 .  The 95% 
confidence  i n t e r v a l  about  the  average d a i l y  c u m u la t iv e  p r o p o r t i o n s  was 
f a i r l y  l a r g e  over the  major  p o r t i o n  of  t h e  m ig r a t i o n  (F ig .  5 ) .
Cons ider ing even-year  c a t c h  d a t a ,  t h e  mean d a t e s  of  m ig r a t i o n  have
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Figure 5. Sound-wide. Average cumulative proportion of even-cycle pink
salmon catch, and the upper and lower hound for its 95% confidence
interval.
F ig u re  6 .  Sound-wide. Average cum ula t ive  p r o p o r t i o n  o f  even-cyc le  p i n k  
sa lm on  CPUE, and t h e  u p p e r  and l o w e r  hound f o r  i t s  95% c o n f i d e n c e  
i n t e r v a l .










































0 20 80 100
DAY OF MIGRATION
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Figure 7. Sound-wide. Average cumulative proportion of odd-cycle pink
salmon catch, and the upper and lower bound for its 95% confidence
interval.
F i g u r e  8 .  Sound-wide. Average cumula t ive  p r o p o r t i o n  of  odd-cyc le  p ink  
sa lm on  CPUE, and t h e  u p p e r  and l o w e r  bound  f o r  i t s  95% c o n f i d e n c e  
i n t e r v a l .
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F ig u re  9 .  Sound-wide. Average cum ula tive  p r o p o r t io n  o f  e v en -cy c le  p in k
salmon escapement, and the upper and lower bound f o r  i t s  95% c o n f i d e n c e
i n t e r v a l .
F ig u re  1 0 .  Sound-wide. Average cum ula tive  p r o p o r t io n  o f  odd-cyc le  p in k  
salmon escapement, and the  upper and lower bound f o r  i t s  95% c o n f i d e n c e  
i n t e r v a l .
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v a r ie d  b e tw e e n  J u l y  15 (1 9 7 4 )  and  A u gus t  6 ( 1 9 8 2 ) ,  w i t h  an  o v e r a l l  
a v e ra g e  mean d a t e  o f  J u l y  28 (S = 7 .7  d a y s ) .  I n  1974, f i s h in g  took 
p la c e  i n  only  management d i s t r i c t s ,  3 and 4 ,  (C o g h i l l  and N o r th w es te rn ) .  
The 1974 mean d a t e  o f  J u ly  1 5 ,  t h e r e f o r e ,  r e p r e s e n t s  a h ig h ly  censored  
a v e ra g e  p e r f o r m a n c e  o f  th e  s o u n d -w id e  f i s h e r y .  The n e x t  e a r l i e s t  
a v e ra g e  mean d a te  f o r  the  even -yea r  c y c le  was J u ly  26 (1970), which was 
based  on c a tc h  d a ta  from s ix  o f  th e  e ig h t  management d i s t r i c t s .
Sound-wide t im in g  o f  th e  e v e n -c y c le  of CPUE
M aturing even-year  p in k  salmon m ig ra ted  i n t o  P r i n c e  W il l i a m  Sound 
from  Ju n e  18 t h r o u g h  S e p tem b e r  14 , based  on commercial CPUE d a ta  from 
the  p u rse  s e in e  f i s h e r y  from 1970 th rough  1982. On the  a v e ra g e ,  90% o f  
a l l  co m m e rc ia l  CPUE o c c u r r e d  d u r in g  a p e r i o d  o f  62 d ays  ( J u n e  18 -  
August 18) i n  th e se  y e a r s ,  w i th  o n e -h a l f  of the  CPUE o c c u rr in g  p r i o r  t o  
J u l y  27 ( T a b le  8) . M a tu r in g  sa lm on  c o n t in u e d  to  m ig ra te  i n t o  P r in c e  
W illiam  Sound w a te rs  during  September, b u t  th e  m ig ra t io n  was n e a r ly  over 
by  th e  end o f  A u g u s t .  Less th a n  1% of  th e  commercial CPUE du ring  even 
y e a rs  1970 -  1982 o c c u rre d ,  on th e  a v e rag e ,  a f t e r  August 30.
On t h e  a v e ra g e ,  the c e n t r a l  h a l f  of the  p o p u la t io n  (25% -  75%) was 
a v a i l a b l e  f o r  h a rv e s t  over a span  o f  22 days ( J u l y  16 -  August 6 ) . The 
major p o r t i o n  o f  th e  m ig r a t io n  (2 .5  -  97.5%) r e q u i r e d  an average  54 days 
( J u ly  3 -  August 25) to  com ple te ly  t r a v e r s e  th e  h a rv e s t  a r e a .  The curve 
f o r  t h e  a v e r a g e  d a i l y  c u m u l a t i v e  p r o p o r t i o n s  o f  CPUE showed an 
a pprox im ate ly  l i n e a r  in c r e a s e  i n  CPUE o f  2.3% p e r  day f o r  th e  c e n t r a l  
h a l f  o f  t h e  m i g r a t i o n  (F ig .  6 ) du r ing  e v e n -y e a rs  1970 -  1982. The 95%
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
68
confidence  i n t e r v a l  about th e  average  d a i l y  c u m u la t iv e  p r o p o r t i o n s  was 
f a i r l y  la rg e  over th e  m ajor p o r t i o n  of th e  m ig ra t io n  (F ig .  6 ) .
Using even-year  CPUE d a ta ,  th e  mean d a te s  of m ig ra t io n  h av e  v a r i e d  
between J u ly  13 (1974) and August 8 (1978 ),  w i th  an o v e r a l l  average  mean 
d a te  o f  J u ly  28 (S = 9 .5  d a y s ) .  I n  1 974 , o n ly  two o f  th e  management 
d i s t r i c t s ,  3 and 4 , (C o g h i l l  and N orthw estern)  were f i s h e d  com m ercially . 
The 1974 mean d a te  o f  J u l y  13, t h e r e f o r e ,  r e p r e s e n t s  a h i g h l y  c e n s o r e d  
a v e r a g e  p e r f o r m a n c e  o f  t h e  s o u n d -w id e  f i s h e r y .  The n e x t  e a r l i e s t  
average  mean d a te  f o r  th e  even -yea r  c y c le  was J u ly  23 (1976), w h ic h  was 
based  on CPUE d a ta  from s ix  o f  th e  e ig h t  management d i s t r i c t s .
The time s e r i e s  o f  average  d a i l y  p r o p o r t io n s  o f  even-year  c a tc h  and 
CPUE (T a b le s  6 and 8) were a c t u a l l y  q u i te  d i f f e r e n t .  Comparison o f  the  
tim e s e r i e s  o f  average d a i l y  cum ula tive  p r o p o r t io n s  f o r  t h e s e  two d a t a  
c a t e g o r i e s  ( F i g s .  5 and  6 ; T a b l e s  6 and  8 ) ,  d e m o n s t r a t e d  a s im i l a r  
b e h a v i o r .  The d a i l y  a v e r a g e s  f o r  p r o p o r t i o n s  o f  c a t c h  a n d  f o r  
p r o p o r t i o n s  o f  CPUE i n  t h i s  c y c le  y e a r ,  in d ic a te d  t h a t  the  a c tu a l  d a i ly  
p ro p o r t io n  was h i g h l y  v a r i a b l e .  The e x t e n t  o f  t h i s  v a r i a b i l i t y  was 
d e m o n s t r a t e d  b y  t h e  b e h a v i o r  o f  t h e  s t a n d a r d  d e v i a t i o n s  o f  t h e s e  
o b s e rv a t io n s  a s  a f u n c t io n  o f  time (Tables 6 and 8) .  D aily  v a r i a n c e s  o f  
a v e r a g e  c u m u l a t i v e  p r o p o r t i o n s  o f  b o t h  c a t c h  and  CPUE f l u c t u a t e d  
s h a rp ly ,  peaking i n  th e  a re a  o f  t h e  g ra n d  mean o f  m i g r a t i o n  f o r  b o t h  
c a te g o r i e s ,  J u ly  28.
From an i n s p e c t i o n  o f  th e  coded s ta n d a rd  d e v ia t io n s  (T ab les  6 and 
8) ,  i t  appeared  t h a t  t h e  a v e r a g e  c u m u la t iv e  p r o p o r t i o n  o f  e v e n - y e a r
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
69
c a t c h  was l e s s  v a r i a b l e  t h a n  t h e  a v e ra g e  c u m u la t iv e  p r o p o r t i o n  o f  
e v e n - y e a r  CPUE f o r  a b o u t  80% o f  the  season . On d a te s  between J u l y  19 
(0 .3 0  cum ulative  p ro p o r t io n )  and August 1 (0 .6 2  cum ulative  p r o p o r t i o n ) ,  
h o w e v e r ,  th e  s ta n d a rd  d e v ia t io n s  f o r  th e  average  cum ulative  p r o p o r t io n s  
o f  c a tc h  were s l i g h t l y  more v a r i a b l e  t h a n  th e  c o r r e s p o n d in g  s t a n d a r d  
d e v i a t i o n s  f o r  CPUE, 93% o f  t h e  t im e. The 95% confidence  i n t e r v a l  on 
the  curve o f  average cum ulative  p r o p o r t i o n  o f  c a t c h  was n a r r o w e r  t h a n  
t h e  c o r r e s p o n d i n g  i n t e r v a l  a b o u t  t h e  c u rv e  o f  c u m u la t iv e  a v e ra g e  
p r o p o r t io n  o f  CPUE ( F ig s .  5 and 6) .
The b o h a v io r  o f  th e  c o e f f i c i e n t s  o f  v a r i a t i o n  (CV) o f  th e se  two 
d a ta  c a te g o r ie s  (Tables 6 and 8) th rough  t im e ,  can be d iv id ed  in to  d a i l y  
and  c u m u la t iv e  f o r  com parison. The CV's f o r  th e  d a i ly  p ro p o r t io n s  f o r  
th e  even-year  c y c le  of c a tc h  and CPUE were i n i t i a l l y  l a r g e ,  and d e c l in e d  
t o  a minimum i n  t h e  a r e a  o f  t h e  grand mean d a te ,  J u ly  28 . Beyond th e  
mean d a t e ,  th e  d a i l y  CV's t e n d e d  t o  i n c r e a s e  to w a rd  th e  m a g n i tu d e s  
i n i t i a l l y  o b s e r v e d .  The t im e  s e r i e s  o f  t h e  CV's f o r  the  cum ulative  
p ro p o r t io n s  f o r  b o th  d a ta  c a te g o r i e s  were i n i t i a l l y  l a r g e  and  d e c l i n e d  
r a p i d l y  to w a rd  t h e  g rand  mean. D ec line  i n  th e  CV's f o r  th e  cum ulative  
p r o p o r t io n  tim e s e r i e s  o f  b o t h  c a t c h  and CPUE w e re  r e l a t i v e l y  s m a l l  
a f t e r  the  grand mean d a te ,  J u ly  28 .
The CV's o f  t h e  a v e r a g e  d a i l y  p ro p o r t io n s  o f  even-year  CPUE were 
r o u t i n e l y  l e s s  t h a n  th e  CV's o f  th e  a v e ra g e  d a i l y  p r o p o r t i o n s  o f  
e v e n - y e a r  c a t c h ,  a l t h o u g h  t h e  m a g n i tu d e  o f  t h e  d i f f e r e n c e s  w ere  
c o n s i s t e n t l y  sm all  (Tables  6 and 8) .  I n s p e c t io n  o f  th e  t im e  s e r i e s  o f  
CV 's f o r  t h e  average cum ula tive  p r o p o r t io n s  o f  c a tc h  and CPUE, however,
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r e v e a l e d  c o n f l i c t i n g  b e h a v i o r .  On d a t e s  p r i o r  t o  A n g n s t  1 ( 0 . 6 3  
c u m u la t iv e  p r o p o r t i o n ) ,  th e  CV's f o r  the  average cum ula tive  p r o p o r t io n  
o f  even-year  c a tc h  were g r e a t e r  than  the  CV's f o r  th e  average  cum ula tive  
p r o p o r t i o n  o f  CPUE 80% of  th e  t im e ,  w h ile  t h i s  p a t t e r n  was r e v e r s e d  on 
th e  rem aining 20% of  d a te s  p r i o r  to  August 1 (T ab les  6 and  8) .  On a l l  
d a t e s  a f t e r  A u gus t  1 ,  t h e  CV's f o r  th e  cum ulative  p r o p o r t io n  o f  c a tc h  
w ere  a lw a y s  l e s s  t h a n  th e  c o r r e s p o n d i n g  C V 's  f o r  t h e  c u m u l a t i v e  
p r o p o r t io n  o f  CPUE.
T hese  r e s u l t s  t e n d  t o  a g r e e  w i t h  t h e  c o n c lu s io n s  drawn from th e  
comparison o f  the  time s e r i e s  o f  coded s ta n d a rd  d e v ia t io n s  (Tables  6 and 
8 ) , and from th e  i n s p e c t io n  o f  th e  w id th  o f  the  95% c on fidence  i n t e r v a l  
about the curves  f o r  th e  a v e ra g e  c u m u la t iv e  p r o p o r t i o n s  o f  c a t c h  and  
CPUE ( F i g s .  5 and 6 ) . The average  cum ulative  p ro p o r t io n s  o f  ev en -y ea r  
c a t c h  w ere  s l i g h t l y  l e s s  v a r i a b l e  t h a n  t h e  a v e r a g e  c u m u l a t i v e  
p ro p o r t io n s  o f  ev en -y ea r  CPUE, over the  course of th e  season .
Sound-wide t im ing  o f  th e  odd-cycle  o f  c a tc h
Maturing odd-year  p in k  salmon m ig r a te d  i n t o  P r i n c e  V i l l i a m  Sound 
from  June  14 th rough  September 12, based  on commercial c a tc h e s  from th e  
p u rse  s e in e  f i s h e r y  from 1969 th rough  1981. On th e  a v e ra g e ,  90% o f  a l l  
t h e  co m m e rc ia l  c a t c h  was t a k e n  d u r in g  a p e r io d  o f  55 days (June 14 -  
August 7) i n  th ese  y e a r s ,  w i th  o n e -h a l f  o f  the c a tc h  o c c u r r in g  p r i o r  t o  
J u l y  26 ( T a b le  7) . M a tu r in g  sa lm on  c o n t in u e d  t o  m ig ra te  i n to  P r in c e  
V i l l ia m  Sound w a te rs  du r in g  September, b u t  the  m ig ra t io n  was n e a r ly  over 
by mid A u g u s t .  I n  any  g i v e n  odd y e a r ,  l e s s  th a n  1% o f  th e  commercial
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c a tc h  i s  expected  to  be ta k e n  a f t e r  August 13.
On th e  ave rage , the  c e n t r a l  h a l f  o f  th e  p o p u la t io n  (25% -  75%), was 
a v a i l a b l e  f o r  h a rv e s t  over a span  of 15 days ( J u ly  18 -  August 1) . The 
m ajor p o r t i o n  o f  the  m ig r a t io n  (2 .5  -  97.5%) r e q u i r e d  an average  46 days 
(June 27 -  August 11) t o  c o m p l e t e l y  t r a v e r s e  t h e  h a r v e s t  a r e a .  The 
c u rv e  f o r  t h e  a v e r a g e  d a i l y  c u m u l a t i v e  p ro p o r t io n s  o f  c a tc h  showed a 
l i n e a r  in c r e a s e  in  c a tc h  o f ,  ap p ro x im a te ly ,  3.3% p e r  day f o r  the  c e n t r a l  
h a l f  o f  t h e  m i g r a t i o n  ( F i g .  7) du r in g  odd-years  1969 -  1981. The 95% 
confidence  i n t e r v a l  abou t  th e  average d a i l y  cu m u la tiv e  p r o p o r t i o n s  was 
f a i r l y  narrow over th e  m ajor p o r t i o n  o f  th e  m ig ra t io n  (F ig .  7 ) .
Using odd-year  c a tc h  d a t a ,  th e  mean d a te s  o f  m ig ra t io n  have  v a r i e d  
between J u ly  15 (1977) and August 3 (19 7 1 ) ,  w i th  an o v e r a l l  average mean 
d a te  o f  J u l y  25 (S = 6 .2  d a y s ) .
Sound-wide t im ing  o f  th e  odd-cyc le  of CPUE
M aturing odd-year  p in k  salmon m ig r a te d  i n t o  P r i n c e  V i l l i a m  Sound 
from  Ju n e  14 th r o u g h  S e p tem b e r  12 , based  on commercial CPUE d a ta  from 
the  p u rse  s e in e  f i s h e r y  from 1969 -  1981. On t h e  a v e r a g e ,  90% of a l l  
co m m e rc ia l  CPUE o c c u r r e d  d u r i n g  a p e r io d  o f  63 days (June 14 -  August 
15) in  th e s e  y e a r s ,  w i th  o n e -h a l f  of the  CPUE o c cu rr in g  p r i o r  to  J u l y  28 
(T a b le  9) . M a tu r in g  sa lm o n  c o n t i n u e d  t o  m ig ra te  i n t o  P r in c e  V i l l ia m  
Sound w a te rs  during Septem ber, b u t  th e  m ig ra t io n  was n e a r ly  o v e r  by th e  
end o f  August. Less th a n  1% o f  th e  commercial CPUE du ring  the odd-years  
1969 -  1981 o cc u rre d ,  on th e  a v e rag e ,  a f t e r  August 30.
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On the  average , the  c e n t r a l  h a l f  o f  the  p o p u l a t i o n  (25  -  75%) was 
a v a i l a b l e  f o r  h a rv e s t  over a span o f  19 days ( J u ly  18 -  August 5 ) .  The 
major p o r t i o n  o f  th e  m ig ra t io n  (2 .5  -  97.5%) u s u a l l y  r e q u i r e d  57 days  
( J u n e  27 -  A ugust 22 )  t o  c o m p le te ly  t r a v e r s e  t h e  h a r v e s t  a r e a .  The 
average d a i l y  cum ulative  p r o p o r t io n s  o f  CPUE shoved a l i n e a r  in c r e a s e  in  
CPUE o f  a b o u t  2.6% p e r  day f o r  th e  c e n t r a l  h a l f  o f  th e  m ig r a t io n  (F ig .
8) du r ing  odd-years  1969 -  1981. The 95% confidence  i n t e r v a l  a b o u t  th e  
a v e ra g e  d a i l y  cum ula tive  p ro p o r t io n s  was m odera te ly  narrow , b u t  l e s s  so 
than  those  o f  the  cum ula tive  p r o p o r t i o n s  o f  o d d - y e a r  c a t c h ,  o v e r  th e  
m ajor p o r t i o n  o f  th e  m ig r a t io n  (F ig .  7 ) .
Considering  odd-year  CPUE d a t a ,  th e  mean d a t e s  o f  m i g r a t i o n  have  
v a r i e d  b e tw e e n  J u l y  15 (1977) and A ugust  10 ( 1 9 8 1 ) ,  w i th  an o v e r a l l  
average  mean d a te  o f  J u l y  28 (S -  8 .3  d a y s ) .
The two t im e  s e r i e s  o f  average  d a i ly  p r o p o r t io n s  o f  odd-year  c a tc h  
and CPUE (Tables 7 and 9) were q u i te  d i f f e r e n t .  Comparison o f  th ese  two 
d a ta  c a t e g o r i e s  ( F i g s .  7 and 8 ; Tab les  7 and 9) d em ons tra ted  a s im i la r  
b e h a v io r ,  a l th o u g h  on d a t e s  p r i o r  t o  J u l y  23 th e  two t im e  s e r i e s  o f  
p r o p o r t io n s  were n e a r ly  the  same. The d a i l y  averages  fo r  p r o p o r t io n s  o f  
c a tc h  and f o r  p ro p o r t io n s  of CPUE i n  t h i s  c y c le  y e a r ,  i n d ic a te d  t h a t  the  
a c t u a l  d a i l y  p r o p o r t i o n  was h i g h l y  v a r i a b l e .  The e x t e n t  o f  t h i s  
v a r i a b i l i t y  was dem onstra ted  by the  beh av io r  o f  the  s ta n d a rd  d e v i a t i o n s  
o f  t h e s e  o b s e r v a t i o n s  a s  a f u n c t i o n  o f  t im e (T ab les  7 and 9 ) .  D aily  
v a r i a n c e s  o f  a v e ra g e  c u m u la t iv e  p r o p o r t i o n s  o f  b o t h  c a t c h  and CPUE 
i n c r e a s e d  g r a d u a l l y ,  peak ing  i n  th e  a rea  o f  th e  r e s p e c t i v e  grand means
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o f  m ig ra t io n  f o r  th ese  c a t e g o r i e s ,  J u ly  25 and J u l y  28 .
I n s p e c t i o n  o f  t h e  coded  s t a n d a r d  d e v i a t i o n s  ( T a b le s  7 and  9 ) ,  
dem onstra ted  t h a t  th e  average cum ula tive  p r o p o r t i o n  o f  o d d - y e a r  c a t c h  
was l e s s  v a r i a b l e  t h a n  t h e  a v e r a g e  c u m u la t iv e  p r o p o r t io n  o f  odd-year  
CPUE f o r  abou t 65% o f  th e  s e a s o n .  B e tw e e en  J u l y  4 ( 0 .0 6  c u m u l a t i v e  
p r o p o r t i o n )  and  J u l y  24 ( 0 .4 0  c u m u la t iv e  p r o p o r t i o n ) ,  h o w ev er ,  the  
s ta n d a rd  d e v ia t io n s  f o r  the  average cum ulative  p r o p o r t io n s  of CPUE w ere  
l e s s  than  th e  correspond ing  s ta n d a rd  d e v ia t io n s  f o r  c a tc h .
T h is  b e h a v i o r  o f  a l t e r n a t i n g  r o l e s  o f  t h e  h i g h e s t  a n d  l o w e s t  
v a r i a b i l i t y  between th e se  two tim e s e r i e s  d a ta  c a te g o r i e s  was a l s o  shown 
by comparison of th e  w id th  o f  th e  95% confidence  i n t e r v a l  on th e  average  
c u m u la t iv e  p r o p o r t i o n  c u r v e s  f o r  odd-year  c a tc h  and CPUE ( F ig s .  7 and
8) .  P r io r  to  cum ulative  p r o p o r t io n  0 .4 0 ,  t h e  w i d t h  o f  t h e  c o n f i d e n c e  
l i m i t s  a b o u t  t h e  c a t c h  c u rv e  i s  g r e a t e r  than  t h a t  f o r  th e  CPUE c u rve ,  
f o l lo w e d  by a r e v e r s a l  o f  t h i s  s i t u a t i o n  f o r  t h e  r e m a in d e r  o f  t h e  
season .
The CV's f o r  t h e  a v e r a g e  d a i l y  p r o p o r t io n s  o f  odd-year  c a tc h  and 
CPUE were i n i t i a l l y  l a r g e  and d e c l in e d  t o  a minimum i n  t h e  a r e a  o f  th e  
r e s p e c t i v e  g ra n d  means o f  m ig ra t io n ,  J u ly  25 and J u ly  28 (T ab les  7 and
9 ) .  Beyond th e se  mean d a te s ,  the  d a i l y  CV's f o r  b o t h  d a t a  c a t e g o r i e s  
t e n d e d  t o  i n c r e a s e  toward th e  m agnitudes i n i t i a l l y  observed . The time 
s e r i e s  of the  CV's f o r  the  c u m u la t iv e  p r o p o r t i o n s  f o r  c a t c h  and  CPUE 
w ere  i n i t i a l l y  l a r g e  and d e c l in e d  r a p id ly  toward th e  grand  mean d a te s .  
T h e r e a f te r ,  d e c l i n e s  i n  t h e  CV's f o r  th e  c u m u la t iv e  p r o p o r t i o n  t im e
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s e r i e s  o f  b o th  d a ta  c a te g o r i e s  were g ra d u a l ,  and r e l a t i v e l y  sm a l l .
The CV's o f  t h e  a v e r a g e  d a i l y  p r o p o r t i o n s  o f  odd-year  CPUE were 
r o u t i n e l y  l e s s  t h a n  th e  CV's o f  t h e  a v e ra g e  d a i l y  p r o p o r t i o n s  o f  
o d d - y e a r  c a t c h  o v e r  a b o u t  85% o f  t h e  s e a s o n  ( T a b l e s  7 and 9 ) .  
I n s p e c t i o n  o f  th e  t im e  s e r i e s  o f  CV's f o r  t h e  a v e r a g e  c u m u l a t i v e  
p r o p o r t i o n s  f o r  t h e s e  two d a ta  c a t e g o r i e s ,  however, r e v e a le d  t h a t ,  fo r  
ap p ro x im ate ly  81% o f  the  season , the  CV's f o r  th e  cum ula tive  p ro p o r t io n s  
of CPUE were g r e a t e r  th an  th e  co rresponding  CV's f o r  c a tc h  (T ab les  7 and
9 ) .  On d a te s  between June  14 and J u ly  21 (0 .3 0  cum ula tive  p r o p o r t i o n ) ,  
t h e  CV's f o r  the  cum ula tive  p ro p o r t io n s  o f  CPUE were g r e a t e r  than  those  
of c a tc h  a pp rox im ate ly  50% of the  t im e. On a l l  d a te s  a f t e r  J u l y  21, the  
t im e  s e r i e s  o f  CV 's f o r  a v e ra g e  c u m u la t iv e  p r o p o r t i o n s  o f  CPUE were 
always g r e a t e r  than  the  co rrespond ing  time s e r i e s  o f  CV's f o r  c a tc h .
T hese  r e s u l t s  ag ree  w ith  the  c o n c lu s io n s  drawn from the  comparison 
o f  the  time s e r i e s  of coded s ta n d a rd  d e v i a t i o n s  ( T a b le s  7 and  9 ) ,  and 
from  t h e  i n s p e c t io n  o f  the  w id th  o f  th e  co n fidence  l i m i t s  on th e  curves  
f o r  th e  average  cum ula tive  p r o p o r t io n s  o f  c a t c h  and CPUE ( F i g s .  7 and 
8 ) .  The a v e r a g e  c u m u l a t i v e  p r o p o r t i o n s  o f  o d d - y e a r  c a tc h  were l e s s  
v a r i a b l e  th an  th e  average  cum ulative  p r o p o r t io n s  of odd-year  CPUE, o v e r  
th e  m ajor p o r t i o n  o f  th e  season .
W i th in  b o t h  e v e n  and odd c y c l e s ,  t h e  d a t a  c a te g o ry  o f  c a tc h  was 
shown t o  be l e s s  v a r i a b l e  th a n  the  co rrespond ing  d a t a  c a t e g o r y  o f  CPUE 
o v e r  t h e  c o u r s e  o f  t h e  s e a s o n ,  even  th o u g h  t h e  m a g n i tu d e  o f  t h e  
d i f f e r e n c e  between the  two c a te g o r ie s  was m a rg in a l .  The more c o n s i s t e n t
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b eh av io r  of the  time s e r i e s  o f  cum ulative  p ro p o r i to n  of c a tc h  s u g g e s t e d  
a h i g h e r  d e g re e  o f  r e l i a b i l i t y  in  i t s  d e s c r i p t i v e  s t a t i s t i c s  (mean and 
v a r i a n c e ) .  Catch d a t a ,  t h e r e f o r e ,  was s e l e c t e d  t o  s e r v e  a s  t h e  b a s i s  
fo r  th e  comparison o f  m ig ra to ry  beh av io r  among management d i s t r i c t s .
Sound-wide t im in g  o f  th e  even -cyc le  o f  spawning escapement
Even-year p in k  salmon e s c a p e d  t o  th e  spaw ning  g ro u n d s  i n  P r i n c e  
V i l l i a m  Sound from  J u n e  19 th r o u g h  Septem ber 25 , based  on escapement 
enum eration d a ta  c o l l e c t e d  from th e  211 index spawning s tream s f o r  1964 
-  1 982 . On th e  a v e r a g e ,  90% o f  a l l  t h e  escapement o c c u rre d  du r in g  a 
p e r io d  o f  43 days (June  19 -  August 30) i n  th e s e  y e a r s ,  w i th  o n e -h a l f  of 
t h e  e s c a p e m e n t  o c c u r r i n g  p r i o r  t o  A ugust 17 (T a b le  1 0 ) .  Spawning 
e sc a p e m e n t  c o n t i n u e d  i n t o  O c t o b e r ,  b u t  i t  was n e a r l y  o v e r  by  t h e  
b e g i n n i n g  o f  S e p t e m b e r .  L e s s  t h a n  1% o f  t h e  e s c a p e m e n t  d u r in g  
even-years  1964 -  1982 o c c u rre d ,  on the  average , a f t e r  September 10.
The c e n t r a l  h a l f  o f  th e  d i s t r i b u t i o n  o f  spawning escapement (25 -  
75%) o c c u rre d  over a span o f  18 days (August 7 -  August 2 4 ) .  The m a jo r  
p o r t i o n  o f  th e  escapem en t d i s t r i b u t i o n  (2 .5  -  97.5%) r e q u i r e d  about 53 
days ( J u l y  17 -  September 7) t o  com ple te ly  escape th e  h a r v e s t  a r e a .  The 
curve o f  th e  average  weekly cum ula tive  p r o p o r t io n s  o f  even -yea r  spawning 
escapement showed a l i n e a r  in c r e a s e  i n  escapement o f  a p p ro x im a te ly  2 . 8% 
p e r  day f o r  t h e  c e n t r a l  h a l f  o f  th e  d i s t r i b u t i o n  ( F ig .  9) . The 95% 
confidence  i n t e r v a l  about th e  average  weekly cum ulative  p r o p o r t i o n s  was 
e x t r e m e ly  n a rro w  o v e r  the  m ajor p o r t i o n  o f  th e  escapement d i s t r i b u t i o n  
(F ig .  9 ) .
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Employing even-year  e scapem en t  d a t a ,  t h e  mean d a t e s  o f  spaw ning  
e sc a p e m e n t  h a v e  v a r i e d  b e tw e e n  August 13 (1968) and August 24 (1976), 
w i th  an  o v e r a l l  average  mean d a te  o f  August 18 (S = 3 .6  d a y s ) .
Sound-wide t im ing  o f  the  odd-cyc le  o f  spawning escapement
Odd-year p in k  salm on e s c a p e d  t o  th e  spaw ning  g ro u n d s  i n  P r i n c e  
W i l l i a m  Sound from  June  26 th r o u g h  Septem ber 25 , b a sed  on escapement 
enum eration  d a ta  c o l l e c t e d  from the  211 index  spawning s tream s  f o r  1965 
-  1 9 8 3 .  On t h e  a v e r a g e ,  90% o f  a l l  t h e  escapement o c c u rre d  du r ing  a 
p e r io d  o f  66 days (June 26 -  August 30) i n  th e s e  y e a r s ,  w i th  o n e -h a l f  o f  
t h e  e s c a p e m e n t  o c c u r r i n g  p r i o r  t o  A ugus t  10 ( T a b le  11)  . Spawning 
e s c a p e m e n t  c o n t i n u e d  i n t o  O c t o b e r ,  b u t  i t  was n e a r l y  o v e r  by  m id  
S e p te m b e r .  L e s s  t h a n  1% o f  t h e  spaw ning  escapement d u r in g  odd-years  
1965 -  1983 o c c u rre d ,  on th e  ave rage , a f t e r  September 14.
The c e n t r a l  h a l f  o f  the  d i s t r i b u t i o n  o f  spawning escapement (25 -  
75%) occu rred  over  a span o f  29 days ( J u ly  27 -  A ugust  2 4 ) .  The m a jo r  
p o r t i o n  o f  th e  escapement d i s t r i b u t i o n  (2 .5  -  97.5%) r e q u i r e d  an average  
61 days ( J u l y  10 -  September 8) to  com ple te ly  escape  th e  h a r v e s t  a r e a .  
The c u rv e  o f  t h e  a v e ra g e  w e e k ly  c u m u la t iv e  p r o p o r t i o n s  o f  odd-year  
spaw ning  e s c a p e m e n t  show ed  a l i n e a r  i n c r e a s e  i n  e s c a p e m e n t  o f  
a p p r o x i m a t e l y  1.7% p e r  day f o r  t h e  c e n t r a l  h a l f  o f  th e  d i s t r i b u t i o n  
( F i g .  1 0 ) .  The 95% c o n f id e n c e  i n t e r v a l  a b o u t  t h e  a v e r a g e  w e e k l y  
c u m u l a t i v e  p r o p o r t i o n s  was f a i r l y  narrow over th e  m ajor p o r t i o n  o f  the  
escapement d i s t r i b u t i o n  (F ig .  1 0 ) .
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U sin g  o d d - y e a r  e s c a p e m e n t  d a t a ,  t h e  m ean  d a t e s  o f  s p a w n in g  
e s c a p e m e n ts  have  v a r i e d  b e tw e e n  J u l y  27 (1983) and August 30 (1971), 
w i th  an o v e r a l l  average  mean d a te  o f  August 14 (S = 8 .9  d a y s ) .
C om parison  o f  t h e  t im e  s e r i e s  o f  a v e r a g e  weekly p ro p o r t io n ,  and 
average cum ulative  p r o p o r t io n  f o r  e v e n -y e a r  e s c a p e m e n t  w i t h  t h o s e  f o r  
o d d - y e a r  e sca p e m e n t  ( F i g s .  9 and 10; T ab les  10 and 1 1 ) ,  r e v e a le d  t h a t  
th ese  two d a ta  c a te g o r i e s  were q u i t e  d i f f e r e n t .  From an  i n s p e c t i o n  of 
t h e  coded  s t a n d a r d  d e v ia t io n s  (T ab les  10 and 1 1 ) ,  i t  appeared t h a t  the  
average cum ulative p r o p o r t io n s  o f  e v e n - y e a r  spaw ning  e sca p e m e n t  w ere  
much l e s s  v a r i a b l e  th a n  th e  average  cum ula tive  p r o p o r t io n s  o f  odd-year 
spawning escapement over the  course  o f  t h e  s e a s o n .  T h is  b e h a v i o r  was 
a l s o  d e m o n s t r a t e d  by th e  t i g h t e r  95% confidence  i n t e r v a l  on th e  curve 
f o r  th e  average cum ulative  p r o p o r t io n  o f  even-year  escapement ( F i g .  9 ) ,  
a s  com pared  t o  t h a t  of th e  curve f o r  th e  average  cum ulative  p r o p o r t io n  
of odd-year  escapement (F ig .  1 0 ) .  Comparison of the  time s e r i e s  of CV's 
f o r  t h e  a v e ra g e  w e e k ly  p r o p o r t i o n s ,  and f o r  t h e  a v e ra g e  c u m u la t iv e  
p r o p o r t i o n s  f o r  t h e s e  tw o  d a t a  c a t e g o r i e s ,  a l s o  s u p p o r t s  t h i s  
co n c lu s io n .
D e s c r i p t i v e  c h a r a c t e r i s t i c s  o f  t h e  a v e ra g e  h i s t o r i c a l  t im e  
d e n s i t i e s  f o r  a l l  management d i s t r i c t s  by c y c le  y e a r ,  analogous to  those  
su m m a r iz e d  in  t h e  p r e v i o u s  d e s c r i p t i o n s  o f  t h e  so u n d -w id e  a v e ra g e  
h i s t o r i c a l  time d e n s i t i e s ,  were a l s o  e v a lu a te d  f o r  th e  d a t a  c a t e g o r i e s  
o f  c a t c h ,  CPUE, and spaw ning  e s c a p e m e n t  (T ab les  12 and 13) fo r  every 
a v a i l a b l e  y e a r  of d a ta  (Tables 1 and 2 ) .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
78
Table  12. C h a r a c t e r i s t i c  p e rc e n ta g e  p o i n t s  of th e  m ig r a t io n ,  t h e  m onth  
and  d a y ,  and th e  d u r a t io n  i n  days o f  th e  p e rc e n ta g e  p o i n t s ,  the  median, 
the  grand mean and s ta n d a rd  d e v ia t io n  o f  the  average  time d e n s i t i e s  f o r  
th e  even -cyc le  o f  c a tc h ,  CPUE, and spawning escapem ent, and th e  e a r l i e s t  
and l a t e s t  mean d a te s  f o r  th e  m anagement d i s t r i c t s  o f  P r i n c e  V i l l i a m  
Sound.
Management D is t r i c t  
1 2  3 4
Percentage EVEN CATCH
1% -  99% 705 -  823 708 -  815 618 -  809 626 -  811
50 39 53 47
2.5%-97.5% 708 -  821 709 -  813 626 -  807 704 -  809
45 36 43 37
25% -  75% 723 -  811 720 -  804 712 -  727 716 -  729
20 16 16 14
Median (50%) Date 803 728 718 721
Grand Mean /  S.D. 802 /  5.0 728 /  5.2 720 /  6 .9 723 /  5.7
E a r l ie s t  /  L atest 726 /  808 722 /  804 713 /  731 714 /  730
Percentage EVEN CPUE
1% -  99% 705 -  828 708 -  818 618 -  809 626 -  812
55 42 56 48
2.5%-97.5% 706 -  826 709 -  815 630 -  809 702 -  809
52 38 41 39
25% -  75% 719 -  810 721 -  805 715 -  728 716 -  730
23 16 14 15
Median (50%) Date 730 728 720 723
Grand Mean /  S.D. 731 /  7.3 728 /  6.3 721 /  6.3 724 /  6.6
E a r lie s t  I L atest 723 /  809 719 /  804 713 /  801 713 /  729
Percentage EVEN ESCT
1% -  99% 626 -  909 619 -  906 626 -  904 703 -  904
76 80 71 64
2.5%-97.5% 703 -  907 621 -  904 715 -  902 718 -  902
67 76 50 47
25% -  75% 730 -  825 808 -  825 804 -  822 808 -  823
27 18 19 16
Median (50%) Date 812 814 812 814
Grand Mean /  S.D. 816 /  7.7 818 /  5.0 816 /  5 .2 818 /  2.0
E a r lie s t  /  Latest 730 /  825 808 /  824 806 /  824 813 /  820
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Table 12 continued.
Management D i s t r i c t  




706 -  819 712 -  814
45 34
2 .5%~97.5% 713 -  816 713 -  811
35 30
25% -  75% 722 -  805 720 -  801
15 13
Median (50%) Date 72 9 727
Grand Mean /  S.D. 730 /  6.5 730 /  6 .0
E a r l ie s t  /  L atest 723 /  807 723 /  806
Percentage EVEN OPUE
i VO $ 706 -  824 712 -  818
50 38
2.5%-97.5% 710 -  822 713 -  816
44 35
25% -  75% 721 -  807 720 -  805
18 17
Median (50%) Date 730 726
Grand Mean /  S.D. 731 /  7.3 731 /  6.9
E a r lie s t /  L atest 724 /  809 723 /  809
Percentage EVEN ESCT
1% -  99% 717 -  904 710 -  904 710 -  908 710 -  905
50 57 61 58
2.5%-97.5% 719 -  828 722 -  902 725 -  903 724 -  903
41 43 41 42
25% -  79fc 728 -  824 808 -  825 811 -  827 810 -  826
28 18 17 17
Median (50%) Date 822 815 820 820
Grand Mean / S.D. 821 /  5 .9 820 /  3.5 822 /  3.2 822 /  3.1
E a rlie s t /  L atest 811 /  825 813 /  825 817 /  826 816 /  826
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Table  13. C h a r a c t e r i s t i c  p e rc e n ta g e  p o i n t s  o f  th e  m ig ra t io n ,  t h e  m onth  
and  d a y ,  and th e  d u r a t io n  i n  days o f  th e  p e rc e n ta g e  p o i n t s ,  th e  median, 
th e  grand mean and s ta n d a rd  d e v ia t i o n  o f  the  average time d e n s i t i e s  f o r  
t h e  o d d - c y c le  o f  c a tc h ,  CPUE, and spawning escapement, and th e  e a r l i e s t  
and l a t e s t  mean d a te s  f o r  th e  m anagem ent d i s t r i c t s  o f  P r i n c e  V i l l i a m  
Sound.
Management D is t r i c t
1 2 3 4
Percentage ODD CATCH
1% -  99%
2.5%-97.5%
23% -  79%
Median (50%) Date 
Grand Mean /  S.D. 
E a r lie s t /  L atest
617 -  816 
61
624 -  812 
50
702 -  803 
33 
727 
724 /  10.0 
709 /  806
624 -  810 
48
625 -  809 
46
706 -  728 
23 
721 
721 /  7.2 
712 /  801
614 -  805 
53
628 -  804 
38
708 -  726 
19
717 
717 /  5.7
709 / 724
627 -  806 
41
701 -  805 
36
716 -  728 
13 
720 
722 /  5.6 
713 /  729
Percentage ODD CPUE
1% -  99%
2.5%~97.5%
29% -  79%
Median (50%) Date 
Grand Mean /  S.D. 
E a r lie s t  /  Latest
617 -  822 
67
624 -  815 
53
716 -  802 
18 
726 
725 /  6.9 
713 /  804
624 -  812 
50
625 -  810 
47
717 -  730 
14
724 
725 /  5.6
718 /  803
614 -  805 
53
628 -  804 
38
714 -  731 
18 
723 
722 /  6.3 
712 /  728
627 -  808 
43
628 -  807 
31
716 -  730 
15 
725 
724 /  6.5 
714 /  802
Percentage ODD ESCX
1% -  99%
2.5%r-97.5%
23% -  79%
Median (50%) Date 
Grand Mean /  S.D. 
E a r lie s t  /  L atest
626 -  913 
80
703 -  910 
70
723 -  823 
32 
806 
810 /  10.9 
723 /  829
626 -  903 
70
703 -  901 
61
724 -  815 
23 
801 
807 /  7.2 
724 /  821
626 -  910 
77
706 -  915 
72
727 -  825 
30 
807 
814 /  12.5 
730 /  908
710 -  923 
76
718 -  919 
64
803 -  826 
24 
822 
820 /  11.8 
729 /  910
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Table 13 continued.
Management D is t r ic t  
5 6 7 8
Percentage ODD CATCH
1% -  99% 616 -  813 712 -  809 624 -  812
59 29 50
2.5%-97.5% 707 -  810 714 -  806 705 -  810
36 24 37
25% -  75)6 721 -  801 719 -  731 719 -  801
12 13 14
Median (50%) Date 727 727 726
Grand Mean /  S.D. 727 /  3 .8 728 /  2 .4 726 /  5.6
E a r lie s t /  Latest 722 /  802 726 /  801 717 /  804
Percentage ODD CPUE
1% -  99% 616 -  824 712 -  810 624 -  815
70 30 53
2.5%-97.5% 629 -  822 713 -  809 704 -  812
55 28 40
25% -  75)6 721 -  804 719 -  731 717 -  801
15 13 16
Median (50%) Date 729 728 725
Grand Mean /  S.D. 729 /  7 .4 728 /  1.9 726 /  5.8
E a r l ie s t  /  Latest 719 /  811 727 /  731 716 /  804
Percentage ODD ESCT
1% -  99% 710 -  916 724 -  915 703 -  911 703 -  911
69 54 71 71
2.5%-97.5% 717 -  912 725 -  911 725 -  908 717 -  908
58 49 46 54
25% -  75)6 803 -  829 814 -  827 731 -  825 730 -  824
27 14 26 26
Median (50%) Date 823 822 814 811
Grand Mean /  S.D. 824 /  10.3 824 /  5 .0 817 /  10.5 815 /  9.7
E a r l ie s t  /  L atest 812 /  905 817 /  904 729 /  902 729 /  829
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The average d u r a t io n ,  in  days, o f  the  c e n t r a l  95% of the  m i g r a t i o n  
( 2 .5  -  97.5%) f o r  a l l  m anagement d i s t r i c t s  w i t h i n  a cyc le  y e a r ,  was 
c a l c u l a t e d  f o r  th e  d a t a  c a t e g o r i e s  o f  c a t c h ,  CPUE, a n d  s p a w n in g  
e sca p e m e n t  (Tables  12 and 1 3 ) .  Using ev en -y ea r c a tc h  d a ta ,  th e  average 
le n g th  of time r e q u i r e d  f o r  t h i s  p o r t i o n  o f  t h e  m i g r a t i o n  t o  t r a v e r s e  
t h e  h a r v e s t  a r e a  v a r i e d  between 45 days (E a s te rn  D i s t r i c t )  and 30 days 
(S o u th e a s te rn  D i s t r i c t )  (F ig .  1 1 ) .  W ith in  t h i s  range o f  days, a c e n t r a l  
g roup  o f  m anagement d i s t r i c t s  was d i s c e r n i b l e  c o n s i s t in g  o f ,  N orthern  
(36 d a y s ) ,  N o r th w e s te rn  (37  d a y s ) ,  and  S o u th w e s te r n  (35  d a y s ) .  The 
c e n t r a l  95% o f  th e  m i g r a t i o n  th rough  C o g h i l l  D i s t r i c t  a l s o  r e q u i r e d  a 
r e l a t i v e l y  long p e r i o d  o f  t im e  (43  d a y s )  t o  f u l l y  c l e a r  t h e  h a r v e s t  
a re a .
U s in g  o d d - y e a r  c a t c h  d a t a ,  t h e  a v e r a g e  t im e  r e q u i r e d  f o r  t h e  
c e n t r a l  95% of th e  m ig ra t io n  to  t r a v e r s e  th e  h a r v e s t  a re a  v a r ie d  between 
50 days  ( E a s t e r n  D i s t r i c t )  and  24 days (Montague D i s t r i c t )  (F ig .  1 2 ) .  
W ith in  t h i s  range of days, a c e n t r a l  group of management d i s t r i c t s  was 
d i s c e r n i b l e  c o n s i s t i n g  o f ,  C o g h i l l  (38 d a y s ) .  N orthw estern  (36 d a y s ) ,  
Southw estern  (36 d a y s ) ,  and S o u th e a s te rn  (37 d a y s ) .  The c e n t r a l  95% o f  
t h e  m i g r a t i o n  th rough  N orthern  D i s t r i c t  a l s o  r e q u i r e d  a r e l a t i v e l y  long 
p e r io d  o f  time (46 days) to  f u l l y  c l e a r  the  h a rv e s t  a r e a .
I n s p e c t i o n  o f  t h e  a v e ra g e  number o f  days r e q u i r e d  f o r  th e  c e n t r a l  
95% of the  d i s t r i b u t i o n  o f  spawning escapement to  c o m p le te ly  e s c a p e  t o  
th e  spaw ning  g r o u n d s ,  r e v e a l e d  a s i m i l a r  b e h a v io r  between management 
d i s t r i c t s  f o r  b o t h  c y c l e  y e a r s  ( F i g s .  13 and  1 4 ) .  U sing  e v e n - y e a r  
spaw ning  escapement d a ta ,  th e  average  time r e q u i r e d  f o r  the  c e n t r a l  95%
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of th e  m ig ra t io n  t o  f u l l y  escape  th e  h a r v e s t  a re a  v a r i e d  between 75 days 
D i s t r i c t  2 (N orthe rn  D i s t r i c t )  and 41 days D i s t r i c t s  5 and 7 (Eshamy and 
Montague). Using odd-year  spawning escapement d a t a ,  t h i s  same b e h a v i o r  
v a r i e d  b e t w e e n  72 d a y s  D i s t r i c t  3 ( C o g h i l l  D i s t r i c t )  and 46 d ays  
D i s t r i c t  7 (Montague).
W i t h i n  t h e  e v e n - y e a r  c y c l e  o f  spaw ning  e s c a p e m e n t  ( F i g .  1 3 ) ,  
however, the  d i s t r i b u t i o n  among management d i s t r i c t s  o f  t h e s e  a v e ra g e  
d u ra t io n s  was more s e g re g a te d  th a n  th e  co rrespond ing  d i s t r i b u t i o n  w i th in  
the  odd-year cyc le  o f  spawning escapement (F ig  1 4 ) .  Two d i s t i n c t  groups 
o f  d i s t r i c t s  were d i s c e r n i b l e  w i t h in  th e  even c y c le  escapement c a teg o ry  
c o n s i s t in g  o f ,  E a s te rn  (75 days) and N or the rn  (67 days) D i s t r i c t s  i n  the  
group r e q u i r in g  th e  g r e a t e r  l e n g th  of t im e ,  and a l l  rem aining management 
d i s t r i c t s  in  the  g roup  w i t h  r e l a t i v e l y  s m a l l  d u r a t i o n s .  W i th in  t h e  
o d d - y e a r  c y c l e  o f  s p a w n i n g  e s c a p e m e n t ,  t h e  d i s t i n c t i o n  b e tw e e n  
management d i s t r i c t s  on the  b a s i s  o f  l a r g e  and sm all  d u r a t io n s  was much 
l e s s  d e f in e d .  Management d i s t r i c t s  i n  th e  odd c y c le  escapement ca te g o ry  
w i th  the sm a l le r  d u r a t io n s  c o n s i s t e d  o f  Southw estern  D i s t r i c t  (49 d a y s )  
and Montague D i s t r i c t  (46 d a y s ) ,  w h ile  E a s te rn  (70 days) and C o gh il l  (72 
days) were the  management d i s t r i c t s  which r e q u i r e d  th e  longer  p e r i o d  o f  
t im e  f o r  t h e  c e n t r a l  95% o f  t h e  m i g r a t i o n  t o  e s c a p e  t o  th e  spawning 
grounds. A l l  rem aining management d i s t r i c t s  i n  t h i s  c y c l e  y e a r  f e l l  
w i th in  a b road  zone of t r a n s i s t i o n  between th e s e  ex trem es .
R e g a r d l e s s  o f  t h e  c y c l e  y e a r  o r  c a t e g o r y  o f  d a t a  ( c a t c h  o r  
e s c a p e m e n t )  , a s i m i l a r i t y  i n  t h e  b e h a v i o r  among d i s t r i c t s  o f  t h e  
d u r a t io n  o f  t h e  95% o f  t h e  m i g r a t i o n ,  was d e m o n s t r a t e d .  The lo w e r
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n u m erica l ly -coded  d i s t r i c t s  (E a s te rn  and N orthern)  r e q u i r e d  th e  l o n g e s t  
p e r io d  o f  time f o r  t h i s  p o r t i o n  o f  th e  m ig ra t io n  t o  t r a v e r s e  the  h a rv e s t  
a r e a ,  w h ile  th e  m ig r a t io n  th rough  the  h ig h e r  n u m er ica l ly -co d ed  d i s t r i c t s  
was g e n e r a l l y  f a s t e r .
T he  a v e r a g e  h i s t o r i c a l  mean d a t e  o f  m i g r a t i o n  ( + 1 s t a n d a r d  
d e v ia t io n )  f o r  a l l  management d i s t r i c t s  w i t h i n  b o t h  c y c l e  y e a r s ,  was 
c a l c u l a t e d  f o r  t h e  d a t a  c a t e g o r i e s  o f  c a t c h ,  and spawning escapement 
( F i g s .  15 th r o u g h  1 8 ) .  Under normal th e o ry ,  + one s ta n d a rd  d e v ia t io n  
a b o u t  t h e  mean o f  t h e  p o p u l a t i o n  s p a n s ,  a p p r o x i m a t e l y ,  68% o f  i t s  
d i s t r i b u t i o n .
Considering  ev en -y ear c a tc h  d a ta  (F ig .  1 5 ) ,  average h i s t o r i c a l  mean 
d a te s  f o r  t h e  management d i s t r i c t s  v a r i e d  b e tw e e n  J u l y  20 ( C o g h i l l  
D i s t r i c t )  and A ugus t  2 ( E a s t e r n  D i s t r i c t ) .  Exam ination o f  th e  e r r o r  
b a r s  ( + 1 S .D .)  a b o u t  t h e  a v e ra g e  mean d a t e s ,  f a i l e d  t o  r e v e a l  any 
d i s t i n c t  d i f f e r e n c e s  among management d i s t r i c t s  w i th  r e s p e c t  t o  t im in g  
b e h a v i o r .  The a v e ra g e  mean d a te  of m ig ra t io n  i n  N orthw este rn  D i s t r i c t  
( J u ly  2 3 ) ,  was among th e  e a r l i e s t  o f  a l l  management d i s t r i c t s .
U s ing  o d d -y e a r  c a tc h  d a ta  (F ig .  1 6 ) ,  average  h i s t o r i c a l  mean d a te s  
f o r  th e  management d i s t r i c t s  v a r i e d  between J u l y  17 ( C o g h i l l  D i s t r i c t )  
and J u l y  28 (M ontague D i s t r i c t ) .  Exam ination o f  th e  e r r o r  b a r s  about 
t h e  a v e r a g e  mean d a t e s  r e v e a l e d  t h a t  o n ly  one p a i r  o f  m a n a g e m e n t  
d i s t r i c t s  (C o g h i l l  and Montague) cou ld  be i d e n t i f i e d  as p robab ly  having 
d i f f e r e n t  t im ing  b e h a v io r .  Comparison o f  ev en -y ea r  and  o d d - y e a r  c a t c h  
d a t a  ( F i g s .  15 and 1 6 ) ,  showed t h a t  th e  o v e r a l l  p a t t e r n  o f  v a r i a t i o n  in
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
85
mean d a te s  among management d i s t r i c t s  was q u i t e  s i m i l a r  f o r  b o th  c y c le  
y e a r s .
C om parison  o f  e v e n - y e a r  an d  o d d - y e a r  spaw ning  e sca p e m e n t  d a t a  
( F ig s .  17 and 1 8 ) ,  r e v e a le d  t h a t  t h e  o v e r a l l  p a t t e r n  o f  v a r i a t i o n  i n  
a v e r a g e  mean d a t e s  among management d i s t r i c t s  was q u i t e  d i f f e r e n t  f o r  
b o th  cycle  y e a r s .  Using even -yea r  e scapem en t  d a t a  ( F i g .  1 7 ) ,  a v e ra g e  
h i s t o r i c a l  mean d a te s  f o r  th e  management d i s t r i c t s  v a r i e d  between August 
16 ( E a s t e r n  and C o g h i l l  D i s t r i c t s )  a n d  A u g u s t  22 ( H o n t a g u e  a n d  
S o u t h e a s t e r n  D i s t r i c t s ) . No d i f f e r e n c e s  i n  t im in g  beh av io r  between 
management d i s t r i c t s  were d e te c te d  from the  in s p e c t io n  o f  the  e r r o r  b a rs  
about the  even-year  average mean d a te s  o f  spawning escapement.
The low d e g r e e  o f  v a r i a b i l i t y  i n  t h e  a v e r a g e  mean d a t e s  among 
management d i s t r i c t s  i n  th e  even c y c le  o f  spawning escapement, in d ic a te d  
a ve ry  s t a b l e  average perfo rm ance i n  the  time d i s t r i b u t i o n  o f  escapement 
on a so u n d -w id e  b a s i s .  T h i s  c o n c l u s i o n  a g r e e d  w i t h  t h a t  p r e v io u s ly  
o b t a i n e d  from  th e  e x a m in a t io n  o f  th e  w id th  o f  t h e  95% c o n f i d e n c e  
i n t e r v a l s  a b o u t  t h e  curve f o r  th e  average  weekly cum ula tive  p r o p o r t io n  
o f  even-year  escapement (F ig .  9 ) .
Em ploying o d d - y e a r  spaw n ing  e s c a p e m e n t  d a t a  ( F i g .  1 8 ) ,  average 
h i s t o r i c a l  mean d a te s  f o r  th e  management d i s t r i c t s  v a r i e s  between August 
7 D i s t r i c t  2 ( N o r th e r n )  and  A u g u s t  24 D i s t r i c t s  5 and 6 (Eshamy and 
Sou thw es te rn ) .  Exam ination o f  t h e  e r r o r  b a r s  a b o u t  t h e  a v e ra g e  mean 
d a t e s ,  r e v e a l e d  t h a t  one p a i r  o f  management d i s t r i c t s  (N orthern  and 
Southw estern) cou ld  be i d e n t i f i e d  as having d i f f e r e n t  t im ing  b e h a v io r .
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The o v e r a l l  p a t t e r n  o f  v a r i a t i o n  i n  t h e  a v e ra g e  mean d a t e s  among 
management d i s t r i c t s  f o r  odd-year  escapement was q u i t e  s im i la r  t o  t h a t  
f o r  odd-year  c a tc h  ( F ig .  2 0 ) ,  i n d i c a t i n g  a s tro n g  r e l a t i o n  b e tw e e n  th e  
s o u n d - w i d e  t i m e  d i s t r i b u t i o n s  o f  o d d - c y c l e  c a t c h  and  spaw n ing  
escapem ent. Exam ination o f  t h e  o v e r a l l  p a t t e r n  o f  v a r i a t i o n  i n  mean 
d a t e s  among m anagement d i s t r i c t s  f o r  th e  even -year c y c le s  o f  c a tc h  and 
escapem ent ( F i g .  1 9 ) ,  h o w e v e r ,  showed t h a t  t h e  so u n d -w id e  r e l a t i o n  
between th e  e v en -cy c le  t im ing  b e h a v io r s  o f  c a tc h  and spawning escapement 
were n o t  as  s tro n g  a s  t h a t  fo r  th e  odd-year c y c le .
B o th  t h e  v a r i a t i o n  o f  average  mean d a te s  among d i s t r i c t s ,  and th e  
w id th  o f  t h e  e r r o r  b a r s  a b o u t  t h e  m ea n s ,  w ere  much g r e a t e r  f o r  th e  
o d d - y e a r  c y c l e  o f  e s c a p e m e n t  ( F i g .  18) t h a n  w ere  t h e  c o r r e s p o n d in g  
o b s e r v a t io n s  f o r  t h e  e v e n - y e a r  c y c l e  o f  e sca p e m e n t  ( F i g .  1 8 ) .  The 
g r e a t e r  v a r i a b i l i t y  w i th in  th e  odd c y c le  escapement c a te g o ry ,  t h e r e f o r e ,  
may weaken th e  r e l a t i o n  found between the  sound-wide time d i s t r i b u t i o n s  
o f  c a tc h  and spawning escapement.
The s i m i l a r i t y  b e tw e en  th e  t im ing  b e h a v io rs  o f  c a tc h  and spawning 
escapement was shown by  th e  e x t e n t  o f  t h e  r e l a t i o n  b e tw e e n  t h e  t im e  
s e r i e s  o f  annual mean d a te s  o f  c a tc h  and escapement in d ep en d en tly  (F ig s .  
21 -3 4 ) .  The degree o f  s i m i l a r i t y  between the time s e r i e s  of annual mean 
d a t e s  o f  c a tc h  and spawning escapement v a r i e d  from d i s t r i c t  to  d i s t r i c t  
and  from  c y c l e  y e a r  t o  c y c l e  y e a r .  On th e  a v e r a g e ,  h o w e v e r ,  t h i s  
r e l a t i o n  was s t r o n g e r  f o r  t h e  e v e n - y e a r  c y c l e  t h a n  f o r  th e  odd-year 
c y c le  a s ,  p e rh a p s ,  b e s t  i l l u s t r a t e d  by th e  g r e a t e r  s i m i l a r i t y  b e tw e e n  
t h e  sou n d —w ide t im e  s e r i e s  o f  c a t c h  and e sc a p e m e n t  i n  th e  ev en -y ear
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
87
cyc le  (F ig .  21) than  between the  c o r r e s p o n d in g  d a t a  c a t e g o r i e s  i n  t h e  
odd-year c y c le  (F ig .  2 2 ) .
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F i g u r e  1 1 .  The a v e ra g e  number o f  days r e q u i r e d  f o r  th e  c e n t r a l  95% of  
th e  m ig ra t io n  (2 .5  -  97.5%) to  com ple te ly  t r a v e r s e  t h e  h a r v e s t  a r e a  as  
measured by even -year c a tc h  d a ta .
F i g u r e  1 2 .  The a v e ra g e  number o f  days r e q u i r e d  f o r  th e  c e n t r a l  95% of 
th e  m ig ra t io n  (2 .5  -  97.5%) to  com ple te ly  t r a v e r s e  t h e  h a r v e s t  a r e a  as  
measured by odd-year  c a tc h  d a ta .
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F i g u r e  1 3 .  The a v e ra g e  number of days r e q u i r e d  f o r  the  c e n t r a l  95% o f  
th e  m ig ra t io n  (2 .5  -  97.5%) to  com plete ly  escape t o  th e  spawning grounds 
i n  an even y e a r .
F i g u r e  1 4 .  The a v e ra g e  number o f  days r e q u i r e d  f o r  the  c e n t r a l  95% of 
th e  m ig ra t io n  ( 2 .5  -  97.5%) to  com ple te ly  escape t o  the  spawning grounds 
i n  an odd y e a r .
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F i g u r e  I S .  The h i s t o r i c  average  mean d a te  o f  m ig ra t io n  p in s  and minns 
one s ta n d a rd  d e v ia t io n  by management d i s t r i c t  as  m e a su re d  by e v e n - y e a r  
c a tc h .
F i g u r e  1 6 .  The h i s t o r i c  average  mean d a te  o f  m ig ra t io n  p lu s  and minus 
one s ta n d a rd  d e v ia t io n  by management d i s t r i c t  a s  m ea su red  by o d d - y e a r  
c a tc h .
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F i g u r e  1 7 .  The  h i s t o r i c  a v e r a g e  mean d a t e  o f  e v e n - y e a r  spawning  
escapement  p l u s  and minus one s t a n d a r d  d e v i a t i o n  f o r  e a c h  management  
d i s t r i c t .
F i g u r e  1 8 .  The  h i s t o r i c  a v e r a g e  mean d a t e  o f  o d d - y e a r  spawning  
escapement  p l u s  and minus one s t a n d a r d  d e v i a t i o n  f o r  e a c h  management  
d i s t r i c t .
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Figure 19. The average mean date of spawning escapement (top curve) and
the average mean date of catch (bottom curve) of even-year catch and
spawning escapement by management district.
Figu re  20.  The average  mean d a te  of  spawning escapement  ( top  curve)  and 
the  average mean d a t e  o f  c a t c h  ( b o t t o m  c u r v e )  o f  o d d - y e a r  c a t c h  and 
spawning escapement  by management d i s t r i c t .
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Figure 21. Sound-wide. The mean date of spawning escapement (top
curve) and the mean date of catch (bottom curve) for even years
excluding 1972.
F i g u r e  2 2 .  S o u n d - w i d e .  The mean d a t e  o f  s paw ning  e s c a p e m e n t  ( top  
curve)  and the mean d a te  of  c a t c h  (bot tom curve)  f o r  o d d -y ea r s .
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Figure 23. Eastern District. The mean date of spawning escapement (top
carve) and the mean date of catch (bottom curve) for even years
excluding 1972 and 1974.
Figure  24 .  E a s t e r n  D i s t r i c t .  The mean da te  o f  spawning escapement  ( top 
curve) and the  mean d a t e  of  c a t c h  (bottom curve) f o r  odd y e a r s .
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Figure 25. Northern District. The mean date of spawning escapement
(top curve) and the mean date of catch (bottom curve) for even years
excluding 1972 and 1974.
F i g u r e  2 6 .  N o r t h e r n  D i s t r i c t .  The mean da te  of  spawning escapement  
( top  curve)  and the  mean d a te  o f  c a t c h  (bot tom curve) f o r  odd y e a r s .
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Figure 27. Coghill District. The mean date of spawning escapement (top
curve) and the mean date of catch (bottom curve) for even years
excluding 1972.
F ig u re  28.  Coghi l l  D i s t r i c t .  The mean d a t e  of  spawning escapement  ( top  
curve)  and the  mean d a te  of  c a t c h  (bottom curve)  f o r  odd y e a r s .
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Figure 29. Northwestern District. The mean date of spawning escapement
(top curve) and the mean date of catch (bottom curve) for even years
excluding 1972 and 1978.
F ig u re  30.  Nor thweste rn  D i s t r i c t .  The mean d a t e  of  spawning escapement 
( top  curve)  and th e  mean d a te  of  c a t c h  (bottom curve)  f o r  odd y e a r s .
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Figure 31. Southwestern District. The mean date of spawning escapement
(top curve) and the mean date of catch (bottom curve) for even years
excluding 1972, 1974 and 1978.
F ig u re  32.  Southwestern D i s t r i c t .  The mean da te  of  spawning escapement 
( top  curve)  and the mean da te  of  c a t c h  (bottom curve) f o r  odd y e a r s .

























1969 1971 1973 1975 1977 1979 1981
YEAR
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Figure 33. Montague District. The mean date of spawning escapement
(top curve) and the mean date of catch (bottom curve) for odd years
excluding 1969 and 1971.
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Figure 34. Southeastern District. The mean date of spawning escapement
(top curve) and the mean date of catch (bottom curve) for even years
excluding 1972 and 1974.
Fig u re  35 .  S ou theas te rn  D i s t r i c t .  The mean d a te  of  spawning escapement 
( top  curve)  and the  mean d a te  of  c a t c h  (bot tom curve)  f o r  odd y e a r s .
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4 .2  A na lys is  of  Variance  and M u l t i p l e  Comparison Methods
A f i x e d  e f f e c t s  two-way a n a l y s i s  o f  v a r i a n c e  model w i t h  i n t e r a c t i o n  
was c o n s t r u c t e d  t o  a n a l y z e  d i f f e r e n c e s  i n  t h e  mean d a te s  of  m ig r a t i o n  
between c yc le  y e a r s  and among d i s t r i c t s ,  f o r  t h e  d a t a  c a t e g o r i e s  of  
c a t c h  and spawning escapement .  In  each  d a ta  c a te g o ry ,  the  two f a c t o r s ,  
or  independent  v a r i a b l e s ,  examined by t h i s  model w e r e ,  c y c l e  y e a r  (A) ,  
a n d  m a n a g e m e n t  d i s t r i c t  (B) , c o n s i s t i n g  o f  two and e i g h t  l e v e l s ,  
r e s p e c t i v e l y .
Two-way A na lys is  o f  Catch Data
U s ing  c a t c h  d a t a ,  r e s u l t s  o f  t h e  t h r e e  h y p o t h e s e s  o f  i n t e r e s t  
examined by t h i s  model were:
1 .  H0 : = 0 a g a i n s t  Ha : n o t  a l l  a j  = 0 ,  i  = 1 ,  . . . ,  a .  Are
t h e r e  s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  mean d a t e s  o f  t h e  e m p i r i c a l  
d i s t r i b u t i o n s  o f  c a t c h  be tween the  o d d - y e a r  and  t h e  e v e n - y e a r  c y c l e s ?  
The t e s t  c o n c l u d e d  a s i g n i f i c a n t  F* = 8.36 (p = 0 .0 0 5 ) ,  based  on the  F 
d i s t r i b u t i o n  w i th  1 and 64 degrees  of  f reedom ( d f ) .  Based on e m p i r i c a l  
d i s t r i b u t i o n s  o f  c a t c h ,  t h e r e f o r e ,  t h e  a n a l y s i s  support ed ,  a t  t h e  99.5% 
c o n f i d e n c e  l e v e l ,  t h a t  t h e  o d d - y e a r  p o p u l a t i o n  a n d  t h e  e v e n - y e a r  
p o p u l a t i o n  of  p in k  salmon were g e n e t i c a l l y  d i s t i n c t .
2 .  Hc : Pj  = 0 a g a i n s t  Ha : n o t  a l l  p j  = 0 ,  j  = 1 ,  . . . ,  b .  Are
t h e r e  s i g n i f i c a n t  d i f f e r e n c e s  among d i s t r i c t s  i n  t h e  mean d a t e s  o f  t h e
e m p i r i c a l  d i s t r i b u t i o n s  o f  c a t c h  when t h e  odd-year  and th e  even-year
d a t a  a r e  combined?  The t e s t  c o n c l u d e d  a s i g n i f i c a n t  F* = 4.76 (p <.
0 .0 0 0 1 ) ,  based  on the  F d i s t r i b u t i o n  w i t h  6 and 64 d f .  When o d d - y e a r
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and even-year  catch, d a t a  were combined, t h e r e f o r e ,  a h i g h ly  s i g n i f i c a n t  
d i f f e r e n c e  was shown t o  e x i s t  i n  t h e  m ig ra to ry  b e h a v io r  among management 
d i s t i c t s ,  a t  the  99.99% conf idence  l e v e l .  Since i t  i s  i n c o n s i s t e n t  w i th  
t h e  g e n e t i c  i n h e r i t a b i l i t y  o f  m ig r a to r y  t iming t o  combine e ven-yea r  and 
odd-yea r  c a t c h  d a t a ,  t h i s  r e s u l t  may be of  l i m i t e d  v a lu e .
The s i g n i f i c a n t  sample F va lu e  w i t h  r e s p e c t  t o  d i s t i n c t  e f f e c t s  on 
combined even and odd p o p u l a t i o n s  d e m o n s t r a t e s  t h a t  t h e  d i f f e r e n c e s  
between d i s t r i c t s  a r e  s t r o n g e r  t h a n  th e  d i f f e r e n c e s  between even and odd 
p o p u l a t i o n s  w i t h i n  d i s t r i c t s .  The t i m i n g  b e h a v i o r s  o f  t h e  d i s t r i c t s  
r e a l l y  do d i f f e r ,  and th ey  d i f f e r  s u b s t a n t i a l l y  enough t o  overcome the  
combinat ion o f  even and odd p o p u l a t i o n s ,  which combina t ion we know to  be 
b i o l o g i c a l l y  i n a p p r o p r i a t e .
3 .  H0 : ( a p ) j j  = 0 a g a i n s t  Ha : n o t  a l l  ( a p ) ^ j  = 0 ,  f o r  a l l  i  and j .
Do d i f f e r e n t  c o m b i n a t i o n s  o f  t h e  l e v e l s  o f  t h e  two f a c t o r s  produce  
d i f f e r e n t  e f f e c t s ?  The t e s t  f a i l e d  t o  conclude a s i g n i f i c a n t  F* = 0 .7 2  
(p = 0 . 6 1 ) ,  based  on t h e  F d i s t r i b u t i o n  w i t h  5 and 64 d f .  B a s e d  on 
e m p i r i c a l  d i s t r i b u t i o n s  o f  c a t c h ,  t h e r e f o r e ,  d i f f e r e n c e s  i n  t h e  means of  
the t ime d e n s i t i e s  between any two management  d i s t r i c t s  were  t h e  same 
f o r  b o t h  e v e n - y e a r  and o d d - y e a r  p o p u l a t i o n s ,  and d i f f e r e n c e s  i n  the  
means b e t w e e n  t h e  two p o p u l a t i o n s  were  t h e  same f o r  a l l  management  
d i s t r i c t s .
Two-way A na ly s i s  o f  Spawning Escapement Data
Using escapement  d a t a ,  r e s u l t s  of  the t h r e e  hypotheses  o f  i n t e r e s t  
examined by t h i s  model were:
1 .  H0 ctj = 0 a g a i n s t  Ha : no t  a l l  = 0 ,  i  = 1 ,  . . . ,  a .  Are t h e r e
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
103
s i g n i f i c a n t  d i f f e r e n c e s  i n  the  mean d a t e s  of  the e m p i r i c a l  d i s t r i b u t i o n s  
o f  spawning  e s c a p e m e n t  b e t w e e n  th e  odd-year  and t h e  even-year  cyc le s?  
The t e s t  c o n c l u d e d  a s i g n i f i c a n t  F* = 5.65 (p = 0 .0 1 9 ) ,  based  on th e  F 
d i s t r i b u t i o n  w i t h  1 and 132 d f .  Based on the  e m p i r ic a l  d i s t r i b u t i o n s  of  
e s c a p e m e n t ,  t h e r e f o r e ,  the  a n a l y s i s  support ed ,  a t  the  98.1% confidence  
l e v e l ,  t h a t  the odd-year  p o p u l a t i o n  and the  even-year  p o p u l a t i o n  of p ink  
salmon were g e n e t i c a l l y  d i s t i n c t .
2 .  H0 : 0 j  = 0 a g a i n s t  Ha : n o t  a l l  Pj = 0 ,  j  = 1 ,  . . . »  b .  Are 
t h e r e  s i g n i f i c a n t  d i f f e r e n c e s  among d i s t r i c t s  i n  t h e  e m p i r i c a l  
d i s t r i b u t i o n s  o f  escapement  when the  odd-year  and the  even-year  d a ta  a re  
combined? The t e s t  concluded a s i g n i f i c a n t  F* = 3.80 (p = 0 . 0 0 1 ) ,  based  
on the F d i s t r i b u t i o n  w i t h  7 and 132 d f .  When o d d - y e a r  and e v e n - y e a r  
d a t a  a r e  combined, t h e r e f o r e ,  a h i g h ly  s i g n i f i c a n t  d i f f e r e n c e  was shown 
t o  e x i s t  i n  the  m ig ra to ry  b e h a v io r  among management d i s t r i c t s ,  a t  t h e  
99.9% confidence  l e v e l .
3 .  H0 : ( a p j ^ j  = 0 a g a i n s t  Ha : n o t  a l l  (<x0)ij = 0 ,  fo r  a l l  i  and j .  
Do d i f f e r e n t  c o m b i n a t i o n s  o f  t h e  l e v e l s  o f  t h e  two f a c t o r s  produce 
d i f f e r e n t  e f f e c t s ?  The t e s t  c o n c l u d e d  a s i g n i f i c a n t  F* = 2 .1 9  (p =
0 .0 3 9 ) ,  based  on the  F d i s t r i b u t i o n  w i t h  7 and 132 d f .  B a s e d  on t h e  
e m p i r i c a l  d i s t r i b u t i o n s  o f  e s c a p e m e n t ,  t h e r e f o r e ,  d i f f e r e n c e s  i n  the  
means of  the  time d e n s i t i e s  between any two management d i s t r i c t s  were  
n o t  t h e  same f o r  bo th  p o p u l a t i o n s ,  and d i f f e r e n c e s  i n  the  means between 
the two p o p u l a t i o n s  were n o t  the same f o r  a l l  management d i s t r i c t s .
A f i x e d  e f f e c t s  one-way a n a l y s i s  of  va r i a n c e  model was c o n s t r u c t e d  
t o  ana lyze  d i f f e r e n c e s  i n  the  mean d a t e s  o f  m i g r a t i o n  among d i s t r i c t s  
f o r  e a c h  c y c l e  y e a r  i ndepe nde n t ly ,  f o r  the  da ta  c a t e g o r i e s  o f  c a t c h  and
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spawning escapement .  The i n d e p e n d e n t  v a r i a b l e ,  o r  t r e a t m e n t  e f f e c t ,  
exam ined  by t h i s  model was t h e  management d i s t r i c t ,  c o n s i s t i n g  o f  e ig h t  
l e v e l s .
One-way Ana lys is  of  Even-year  Catch Data
Using even-year  c a t c h  d a t a ,  the  h y p o th e s i s  of i n t e r e s t  examined  by 
t h i s  model  was:  H0 : Tj  = 0 a g a i n s t  Ha : no t  a l l  Xj = 0 ,  j  = 1 ,  . . . ,  k .  
Are t h e r e  s i g n i f i c a n t  d i f f e r e n c e s  among management d i s t r i c t s  i n  the  mean 
d a t e s  o f  t h e  e m p i r i c a l  d i s t r i b u t i o n s  o f  e v e n - y e a r  c a t c h ?  The t e s t  
c o n c l u d e d  a s i g n i f i c a n t  F* = 3 . 6 8  (p  = 0 . 0 1 3 ) ,  b a s e d  on t h e  F
d i s t r i b u t i o n  w i t h  5 and 24 d f . When o n l y  e v e n - y e a r  c a t c h  d a t a  were
e xa m ined ,  t h e r e f o r e ,  a h i g h ly  s i g n i f i c a n t  d i f f e r e n c e  was shown t o  e x i s t  
between the  t iming b e h a v io r  among management d i s t r i c t s ,  a t  t h e  98.7% 
confidence  l e v e l .
One-way A na lys i s  of  Odd-year  Catch Data
Using odd-year  c a t c h  d a t a ,  the  hypo th es i s  of  i n t e r e s t  examined by 
t h i s  model  w as :  Hc : Xj = 0 a g a i n s t  Ha : no t  a l l  x j  = 0 ,  j  = 1 ,  . . . ,  k.  
Are t h e r e  s i g n i f i c a n t  d i f f e r e n c e s  among management d i s t r i c t s  i n  the  mean 
d a t e s  o f  t h e  e m p i r i c a l  d i s t r i b u t i o n s  o f  o d d - y e a r  c a t c h ?  The t e s t
c o n c l u d e d  a s i g n i f i c a n t  F* = 2 . 4 1  (p  = 0 . 0 4 4 ) ,  b a s e d  on t h e  F
d i s t r i b u t i o n  w i t h  6 and 40 d f .  When o n l y  o d d - y e a r  c a t c h  d a t a  were  
examined, t h e r e f o r e ,  a s i g n i f i c a n t  d i f f e r e n c e  was shown t o  e x i s t  between 
the  t iming behav io r  among management d i s t r i c t s ,  a t  t h e  95.6% c o n f i d e n c e  
l e v e l .
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One-way Ana lys i s  o f  Even-year  Spawning Escapement Data
U s i n g  e v e n - y e a r  s p a w n i n g  e s c a p e m e n t  d a t a ,  t h e  h y p o t h e s i s  o f  
i n t e r e s t  examined by t h i s  model was: H0 : Tj = 0 a g a i n s t  Ha : no t  a l l  t j  =
0 ,  j  -  1 ,  k .  Are t h e r e  s i g n i f i c a n t  d i f f e r e n c e s  among management 
d i s t r i c t s  i n  the  mean d a te s  o f  the em pi r ica l  d i s t r i b u t i o n s  of  e v e n - y e a r  
e s ca p e m e n t?  The t e s t  c o n c l u d e d  a s i g n i f i c a n t  F* = 2.79  (p = 0 .0 1 3 ) ,  
based  on t h e  F d i s t r i b u t i o n  w i t h  7 and 6 7 d f .  When o n l y  e v e n - y e a r  
e s c a p e m e n t  e n u m e r a t i o n  d a t a  w e r e  e x a m i n e d ,  t h e r e f o r e ,  a h i g h l y  
s i g n i f i c a n t  d i f f e r e n c e  was shown t o  e x i s t  b e t w e e n  t h e  t i m i n g  b e h a v i o r  
among management d i s t r i c t s ,  a t  the  98.7% confidence  l e v e l .
One-way A na ly s i s  of  Odd-year  Spawning Escapement Data
Using odd-year  spawning escapement d a t a ,  the  h y p o t h e s i s  o f  i n t e r e s t  
examined  by t h i s  model was: H0 : t j  = 0 a g a i n s t  Ha : n o t  a l l  Tj = 0 ,  j  =
1 , . . . ,  k .  Are t h e r e  s i g n i f i c a n t  d i f f e r e n c e s  among management d i s t r i c t s  
i n  the  mean d a t e s  o f  the  e m p i r i c a l  d i s t r i b u t i o n s  of odd-yea r  escapement? 
The t e s t  c o n c l u d e d  a s i g n i f i c a n t  F* = 3.00 (p = 0 . 0 0 9 ) ,  based  on the  F 
d i s t r i b u t i o n  w i t h  7 and 65 d f .  When only odd-year  d a t a  w e re  e x a m ined ,  
t h e r e f o r e ,  a h i g h l y  s i g n i f i c a n t  d i f f e r e n c e  was shown t o  e x i s t  between 
the t iming  b e h a v io r  among management d i s t r i c t s ,  a t  t h e  99.1% c o n f i d e n c e  
l e v e l .
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With the  p r o v i s o  o f  a s i g n i f i c a n t  F t e s t  f o r  d i f f e r e n c e s  i n  t h e  
mean d a t e s  o f  m i g r a t i o n  among d i s t r i c t s ,  m u l t i p l e  comparison a n a l y s i s  
was p e r f o r m e d  t o  t e s t  f o r  l i k e n e s s e s  a n d  d i f f e r e n c e s  among t h e  
management d i s t r i c t s  i n  each c y c l e  y e a r  and d a ta  c a te g o ry .  C o n t r a s t i n g  
r e s u l t s  b e tw e e n  t h e  two a p o s t e r i o r i  p r o c e d u r e s  s e l e c t e d  f o r  t h i s  
a n a l y s i s  w ere  a n t i c i p a t e d  s i n c e  Tukey ' s  method o f  m u l t i p l e  comparisons 
i s  more c onse rva t ive  than  t h a t  of  the  LSD p r o c e d u r e .  Fo r  t h e  p u r p o s e s  
o f  o b t a i n i n g  a h i g h e r  l e v e l  of  s e n s i t i v i t y  i n  the  a n a l y s i s ,  t h e  method 
of  LSD was p r e f e r r e d .  With t h e  e x c e p t i o n  o f  t h o s e  i n s t a n c e s  w here  
h i g h l y  c o n t r a d i c t o r y  c o n c l u s i o n s  were sugges ted  by these  two methods,  
o n l y  t h e  r e s u l t s  o f  t h e  LSD p r o c e d u r e  w ere  r e p o r t e d .  D i f f e r e n c e s  
b e t w e e n  t h e  ' k  ch o o s e  2 '  p a i r w i s e  combina t ions  of  management d i s t r i c t s  
were t e s t e d  a t  t h e  a  = 0 .05  s i g n i f i c a n c e  l e v e l  un l e s s  o the rwise  no ted .
M u l t i p l e  Comparison A na ly s i s  o f  Catch Data
C o n s i d e r i n g  e v e n - y e a r  c a t c h  d a t a ,  t h e  mean d a te  o f  m ig r a t i o n  i n  
D i s t r i c t  3 (Cogh i l l )  was found t o  be s i g n i f i c a n t l y  d i f f e r e n t  f rom t h e  
m ea n  d a t e s  o f  m i g r a t i o n  i n  D i s t r i c t s  1 ( E a s t e r n ) ,  2 ( N o r t h e r n ) ,  
6 ( S o u t h w e s t e r n ) ,  a n d  8 ( S o u t h e a s t e r n ) ,  b u t  n o t  f r o m  D i s t r i c t  
4 ( N o r t h w e s t e r n ) .  D i s t r i c t  4 ( N o r t h w e s t e r n )  was found  t o  d i f f e r  
s i g n i f i c a n t l y  from D i s t r i c t  1 ( E a s t e r n ) ,  b u t  i t  i s  n o t  l i k e l y  t o  be 
d i f f e r e n t  f r o m  D i s t r i c t s  6 ( S o u t h w e s t e r n )  ( a  = 0 . 1 4 ) ,  a n d  
8 ( S o u t h e a s t e r n )  (o  = 0 . 1 0 ) .  N o r t h w e s t e r n  was n o t  s i g n i f i c a n t l y  
d i f f e r e n t  i n  t iming from D i s t r i c t s  2 ( N o r th e r n ) ,  and 3 ( C o g h i l l ) .
Using o d d - y e a r  c a t c h  d a t a ,  the  mean d a te  of  m ig r a t i o n  i n  D i s t r i c t
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3 (C ogh i l l )  was found t o  be s i g n i f i c a n t l y  e a r l i e r  than  the  mean d a t e s  i n  
D i s t r i c t s  6 ( S o u t h w e s t e r n ) ,  7 (Montague),  and 8 ( S o u th e a s t e r n ) ,  b u t  i t  
may n o t  be s i g n i f i c a n t l y  e a r l i e r  than  D i s t r i c t  1 (E a s te rn )  (a  = 0 . 1 0 ) .  
C o g h i l l  D i s t r i c t  was n o t  fo u n d  t o  d i f f e r  s i g n i f i c a n t l y  i n  t im ing  from 
D i s t r i c t s  2 ( N o r th e r n ) ,  and 4 ( N or thw es te rn ) .  D i s t r i c t  7 (Montague) was 
shown t o  be s i g n i f i c a n t l y  l a t e r  than  D i s t r i c t  3 ( C o g h i l l ) ,  b u t  i t  may 
n o t  b e  l a t e r  t h a n  D i s t r i c t s  2 ( N o r t h e r n )  ( a  = 0 . 1 0 ) ,  a n d
4 (Nor thwestern )  (a  = 0 . 1 9 ) .
M u l t i p l e  Comparison A na lys i s  of  Spawning Escapement Data
E m p l o y i n g  e v e n - y e a r  e s c a p e m e n t  d a t a ,  t h e  mean  d a t e  o f  t h e  
d i s t r i b u t i o n  o f  e s c a p e m e n t  i n  D i s t r i c t  3 ( C o g h i l l )  was fo u n d  t o  be 
s i g n i f i c a n t l y  e a r l i e r  t h an  D i s t r i c t s  6 ( S ou thw e s te rn ) ,  7 (Montague),  and 
8 ( S o u t h e a s t e r n ) ,  b u t  n o t  d i f f e r e n t  f r o m  D i s t r i c t s  1 ( E a s t e r n ) ,  
2 ( N o r t h e r n ) ,  and 4 ( N o r t h w e s t e r n ) .  C o g h i l l  may not  be s i g n i f i c a n t l y  
d i f f e r e n t  from D i s t r i c t  5 (Eshamy) (a  = 0 . 1 4 ) .  D i s t r i c t  1 (E a s t e rn )  was 
shown t o  be s i g n i f i c a n t l y  e a r l i e r  t h a n  D i s t r i c t s  7 ( M o n t a g u e ) ,  and 
8 ( S o u t h e a s t e r n ) ,  b u t  i t  may no t  be e a r l i e r  th an  D i s t r i c t s  5 (Eshamy) (a 
= 0 . 1 9 ) ,  and 6 ( S o u t h w e s t e r n )  ( a  = 0 . 1 1 ) .  E a s t e r n  was no t  found t o  
d i f f e r  i n  t i m i n g  f r o m  D i s t r i c t s  2 ( N o r t h e r n ) ,  3 ( C o g h i l l ) ,  and 
4 ( N o r t h w e s t e r n ) .  T h e  m e a n  d a t e  o f  m i g r a t i o n  i n  D i s t r i c t  
4 ( N o r t h w e s t e r n )  may be  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  D i s t r i c t  
8 ( S o u t h e a s t e r n )  ( a  = 0 . 0 7 5 ) ,  w h i l e  D i s t r i c t  2 (Nor thern)  may no t  be 
d i f f e r e n t  f rom S o u th e as t e rn  (a  = 0 . 1 0 ) .  The mean d a te s  of  m i g r a t i o n  i n  
N o r t h e r n  and N o r t h w e s t e r n  w ere  no t  shown to  d i f f e r  s i g n i f i c a n t l y  from 
any o t h e r  d i s t r i c t .
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C o n s i d e r i n g  o d d - y e a r  e s c a p e m e n t  d a t a ,  t h e  mean  d a t e  o f  t h e  
d i s t r i b u t i o n  o f  spawning escapement  i n  D i s t r i c t  2 (Nor thern)  was shown 
t o  be s i g n i f i c a n t l y  e a r l i e r  than  D i s t r i c t s  4 (N or thw es te rn ) , 5 (Eshamy), 
6 ( S o u t h w e s t e r n ) ,  and 7 ( M o n t a g u e ) ,  b u t  p r o b a b l y  n o t  e a r l i e r  t h a n  
D i s t r i c t  8 ( S o u t h e a s t e r n )  ( a  = 0 . 1 5 ) .  N o r t h e r n  d i d  n o t  d i f f e r  
s i g n i f i c a n t l y  f rom D i s t r i c t s  1 ( E a s t e r n )  and 3 ( C o g h i l l ) .  D i s t r i c t  
1 (Eas te rn )  d i f f e r e d  s i g n i f i c a n t l y  f rom D i s t r i c t s  4 ( N o r t h w e s t e r n ) , 
5 (E sham y) ,  and 6 ( S o u th w e s t e rn ) ,  b u t  n o t  from D i s t r i c t s  2 ( N o r th e rn ) ,  
3 ( C o g h i l l ) ,  7 (Montague), and 8 ( S o u t h e a s t e r n ) .  D i s t r i c t  3 ( C o g h i l l )  
was shown t o  d i f f e r  s i g n i f i c a n t l y  from D i s t r i c t  6 (Sou thw es te rn ) ,  bu t  i t  
i s  n o t  l i k e l y  t o  be d i f f e r e n t  from D i s t r i c t  5 (Eshamy) (o = 0 . 1 6 ) .  The 
mean d a te  of  m ig r a t i o n  i n  D i s t r i c t  8 ( S ou the a s te rn )  may be s i g n i f i c a n t l y  
d i f f e r e n t  f rom t h a t  o f  D i s t r i c t  6 ( S ou thw e s te rn )  ( a  = 0 .0 7 5 ) ,  bu t  not  
from any o th e r  d i s t r i c t .
S c h e f f e ' s  method  f o r  m u l t i p l e  c o m p a r i s o n s  was u s e d  t o  examine  
w h e t h e r  s i g n i f i c a n t  d i f f e r e n c e s  e x i s t e d  among t h e  m ean  d a t e s  o f  
m i g r a t i o n  d e f i n e d  by  l i n e a r  c o m b i n a t i o n s  of  management d i s t r i c t s  f o r  
each cyc le  y e a r  and ca tego ry  of  d a t a .  The d e s ig n  o f  t h e  c o n t r a s t s  was 
g u i d e d  by t h e  r e l a t i o n s h i p s  among the  management d i s t r i c t s  as shown by 
the  p a i r w i s e  comparison a n a l y s i s ,  and by t h e  r e l a t i v e  t i m i n g s  of  t h e  
d i s t r i c t s  t o  the  o v e r a l l  sound-wide t im ing  w i t h i n  t h e  cyc le  y e a r .
S c h e f f e ' s  M u l t i p le  Comparison Ana lys is  of  Catch Data 
I n s p e c t i o n  of  the  ave rage  means of  the  t ime d e n s i t i e s  by d i s t r i c t
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f o r  even-cyc le  c a tc h  d a t a ,  r e v e a l e d  t h a t  b o t h  D i s t r i c t  3 ( C o g h i l l )  and 
D i s t r i c t  4 ( N o r t h w e s t e r n )  h a d  e a r l i e r  h i s t o r i c  average mean d a t e s  of  
m i g r a t i o n  ( J u l y  20 and J n l y  2 3 ,  r e s p e c t i v e l y )  t h a n  t h e  o v e r a l l  
sound-wide average mean d a te  of  J u l y  27.  D i s t r i c t  2 (Northern)  was a l s o  
among the  e a r l i e s t  of  a l l  management d i s t r i c t s ,  a l though  i t s  g r a n d  mean 
d a t e  o f  m i g r a t i o n  ( J u l y  28)  was g r e a t e r  t h an  the  sound-wide h i s t o r i c  
ave rage .  On the  b a s i s  o f  t h e  p a i r w i s e  c o m p a r i s o n  a n a l y s i s  (LSD) o f  
e v e n - c y c l e  c a t c h  d a t a ,  D i s t r i c t  3 ( C o g h i l l )  was n o t  shown t o  d i f f e r  
s i g n i f i c a n t l y  w i t h  D i s t r i c t  4 ( N o r t h w e s t e r n ) ,  n o r  was  D i s t r i c t  
4 ( N o r t h w e s t e r n )  shown t o  be  s i g n i f i c a n t l y  d i f f e r e n t  f rom e i t h e r  
D i s t r i c t  2 (Nor thern)  or  D i s t r i c t  3 ( C o g h i l l ) .
U s ing  e v e n - y e a r  c a t c h  d a t a ,  fou r  l i n e a r  combina t ions  of  management 
d i s t r i c t s  were examined f o r  s i g n i f i c a n t  d i f f e r e n c e s  i n  the  mean d a t e s  of  
m ig r a t i o n :
1 .  I s  t h e  o v e r a l l  mean d a t e  o f  e v e n - y e a r  c a t c h  i n  D i s t r i c t s
2 ( N o r th e r n )  and 3 ( C o g h i l l )  combined  s i g n i f i c a n t l y  d i f f e r e n t  f rom
D i s t r i c t s  1 ( E a s t e r n ) ,  4 ( N o r t h w e s t e r n ) ,  6 ( S o u t h w e s t e r n ) ,  and 
8 ( S ou the a s te rn )  combined? The t e s t  c o n c l u d e d  t h a t  t h i s  c o n t r a s t  was 
s i g n i f i c a n t  (p = 0 .0 2 9 ) .
2 .  I s  t h e  o v e r a l l  mean d a t e  o f  e v e n - y e a r  c a t c h  i n  D i s t r i c t s
3 (C ogh i l l )  and 4 (Nor thwestern)  combined s i g n i f i c a n t l y  d i f f e r e n t  f rom 
D i s t r i c t s  1 ( E a s t e r n ) ,  2 ( N o r t h e r n ) ,  6 ( S o u t h w e s t e r n ) ,  a n d  
8 ( S o u t h e a s t e r n ) ,  combined?  A h i g h l y  s i g n i f i c a n t  d i f f e r e n c e  was  
concluded (p = 0 .0 0 1 ) .
3 .  I s  t h e  o v e r a l l  mean d a t e  o f  e v e n - y e a r  c a t c h  i n  D i s t r i c t s
2 (Northern)  and 4 (Northwestern )  combined s i g n i f i c a n t l y  d i f f e r e n t  f rom
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D i s t r i c t s  1 ( E a s t e r n ) ,  3 ( C o g h i l l ) ,  6 ( S o u t h w e s t e r n ) ,  a n d  
8 ( S o u t h e a s t e r n )  combined?  The t e s t  f a i l e d  t o  c o n c l u d e  t h a t  t h i s  
c o n t r a s t  was s i g n i f i c a n t  (p = 0 .2 3 7 ) .
4 .  I s  t h e  o v e r a l l  mean d a t e  o f  e v e n - y e a r  c a t c h  i n  D i s t r i c t s
2 ( N o r th e rn ) ,  3 ( C o g h i l l ) ,  and 4 (Nor thwestern)  combined s i g n i f i c a n t l y  
d i f f e r e n t  f r o m  D i s t r i c t s  1 ( E a s t e r n ) ,  6 ( S o u t h w e s t e r n ) ,  a n d  
8 ( S o u t h e a s t e r n )  combined?  A h i g h l y  s i g n i f i c a n t  d i f f e r e n c e  was  
concluded (p = 0 . 0 0 2 ) .
E x a m i n a t i o n  o f  the  average means o f  the  time d e n s i t i e s  by d i s t r i c t  
f o r  odd-year  c a t c h  d a t a ,  r e v e a l e d  t h a t  o n l y  D i s t r i c t s  2 ( N o r t h e r n ) ,
3 ( C o g h i l l ) , and 4 ( N o r t h w e s t e r n )  ha d  e a r l i e r  h i s t o r i c  average mean 
d a t e s  of  m ig r a t i o n  ( J u l y  21, J u l y  17,  and  J u l y  2 2 ,  r e s p e c t i v e l y )  t h a n  
t h e  o v e r a l l  s o u n d - w i d e  a v e r a g e  m ea n  d a t e  o f  J u l y  2 4 .  P a i r w i s e  
comparison a n a l y s i s  o f  o d d - c y c l e  c a t c h  d a t a ,  r e v e a l e d  t h a t  D i s t r i c t
3 ( C o g h i l l )  was s i g n i f i c a n t l y  d i f f e r e n t  from D i s t r i c t s  2 (Nor thern)  and
4 ( N or thw es te rn ) .
E m p l o y i n g  o d d - y e a r  c a t c h  d a t a ,  f o u r  l i n e a r  c o m b i n a t i o n s  of  
management d i s t r i c t s  were examined fox s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  
mean d a te s  of  m ig r a t i o n :
1 .  I s  t h e  o v e r a l l  m ea n  d a t e  o f  o d d - y e a r  c a t c h  i n  D i s t r i c t s  
2 ( N o r th e r n )  and 3 ( C o g h i l l )  combined  s i g n i f i c a n t l y  d i f f e r e n t  f rom 
D i s t r i c t s  1 ( E a s t e r n ) ,  4 ( N or thw es te rn ) ,  6 (Sou thw es te rn ) ,  7 (Montague),  
and 8 (S o u th e a s te rn )  combined? The t e s t  c o n c l u d e d  t h a t  t h i s  c o n t r a s t  
was s i g n i f i c a n t  (p = 0 .0 0 4 ) .
2 .  I s  t h e  o v e r a l l  m ea n  d a t e  o f  o d d - y e a r  c a t c h  i n  D i s t r i c t s
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3 ( C o g h i l l ) ,  and 4 (Nor thwes te rn )  combined s i g n i f i c a n t l y  d i f f e r e n t  f rom 
D i s t r i c t s  1 ( E a s t e r n ) ,  2 ( N o r th e r n ) ,  6 (S ou thw e s te rn ) ,  7 (Montague),  and 
8 (S o u th e a s te r n )  combined? The t e s t  concluded a s i g n i f i c a n t  d i f f e r e n c e  
d id  e x i s t  (p = 0 .0 0 9 ) .
3 .  I s  t h e  o v e r a l l  m ea n  d a t e  o f  o d d - y e a r  c a t c h  i n  D i s t r i c t s  
2 ( N o r th e r n ) ,  and 4 (Nor thwes te rn )  combined s i g n i f i c a n t l y  d i f f e r e n t  from 
D i s t r i c t s  1 ( E a s t e r n ) ,  3 ( C o g h i l l ) ,  6 (So u th w e s t e rn ) ,  7 (Montague),  and 
8 ( S o u t h e a s t e r n )  combined?  The t e s t  f a i l e d  t o  c o n c lu d e  t h a t  t h i s  
c o n t r a s t  was s i g n i f i c a n t  (p = 0 .2 0 6 ) .
4 .  I s  t h e  o v e r a l l  m ea n  d a t e  o f  o d d - y e a r  c a t c h  i n  D i s t r i c t s
2 ( N o r th e r n ) ,  3 ( C o g h i l l ) ,  and 4 (Nor thwestern )  combined s i g n i f i c a n t l y  
d i f f e r e n t  f rom D i s t r i c t s  1 ( E a s t e r n ) ,  6 (So u th w e s t e rn ) ,  7 (Montague),  
and  8 ( S o u t h e a s t e r n )  combined?  The t e s t  c o n c l u d e d  a s i g n i f i c a n t  
d i f f e r e n c e  (p = 0 .0 0 3 ) .
S c h e f f e ' s  M u l t i p le  Comparison A na lys i s  of  Spawning Escapement Data
I n s p e c t i o n  o f  t h e  a v e ra g e  means o f  the  t ime d e n s i t i e s  by d i s t r i c t  
f o r  the  even-cyc le  of  spawing e s c a p e m e n t ,  showed t h a t  o n l y  D i s t r i c t s  
1 ( E a s t e r n ) ,  2 ( N o r th e r n ) ,  3 ( C o g h i l l ) ,  and 4 (Nor thwestern)  had e a r l i e r  
h i s t o r i c  average mean d a t e s  of  m i g r a t i o n  (August 16 ,  A ugus t  1 8 ,  A ugus t  
1 6 ,  and August  18,  r e s p e c t i v e l y )  t h a n  th e  o v e r a l l  sound-wide grand mean 
d a te  of  escapement  (August 1 9 ) .  P a i rw is e  compar ison a n a l y s i s  r e v e a l e d  
t h a t  D i s t r i c t  3 (C o g h i l l )  was no t  s i g n i f i c a n t l y  d i f f e r e n t  from D i s t r i c t s  
1 ( E a s t e r n ) ,  2 ( N o r t h e r n ) ,  and 4 ( N o r t h w e s t e r n ) ,  and t h a t  D i s t r i c t  
1 ( E a s t e r n )  d i d  n o t  d i f f e r  s i g n i f i c a n t l y  from D i s t r i c t s  2 (N o r th e r n ) ,
3 ( C o g h i l l ) ,  and 4 ( N o r th w es t e rn ) .  A l l  p o s s i b l e  two-way, th ree -w ay ,  and
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four-way combina t ions  of  t h e s e  four  d i s t r i c t s  were examined f o r  combined 
d i f f e r e n c e s  i n  m ig r a to r y  be h a v io r  w i t h  the  combined remaining d i s t r i c t s .
Using e v e n -y e a r  e s c a p e m e n t  d a t a ,  e l e v e n  l i n e a r  c o m b i n a t i o n s  o f  
management d i s t r i c t s  were examined f o r  d i f f e r e n c e s  i n  t h e  mean d a t e s  of  
escapement:
1 .  I s  t h e  o v e r a l l  mean da te  of  even-year  escapement i n  D i s t r i c t s
1 ( E a s t e r n ) ,  3 ( C o g h i l l ) ,  and 4 ( N o r th w e s t e r n )  combined s i g n i f i c a n t l y  
d i f f e r e n t  f rom D i s t r i c t s  2 ( N o r t h e r n ) ,  5 (Eshamy) , 6 (Sou thw es te rn ) ,  
7 (M ontague) ,  and 8 ( S o u t h e a s t e r n )  combined?  A h i g h l y  s i g n i f i c a n t  
d i f f e r e n c e  was concluded (p = 0 .001) .
2 .  I s  t h e  o v e r a l l  mean da te  of  even-year  escapement i n  D i s t r i c t s
2 ( N o r th e rn ) ,  3 ( C o g h i l l ) ,  and 4 (Nor thwes te rn )  combined s i g n i f i c a n t l y  
d i f f e r e n t  f rom  D i s t r i c t s  1 ( E a s t e r n ) ,  5 (E sham y) ,  6 (Sou thw es te rn ) ,  
7 (Montague), and 8 (S o u th e a s te rn )  combined? The t e s t  c o n c l u d e d  t h a t  
t h i s  c o n t r a s t  was s i g n i f i c a n t  (p = 0 .0 1 7 ) .
3 .  I s  the  o v e r a l l  mean d a te  o f  even-year  e scapem en t  i n  D i s t r i c t s  
1 ( E a s t e r n ) ,  2 ( N o r t h e r n ) ,  and 4 (Northweste rn)  combined s i g n i f i c a n t l y  
d i f f e r e n t  from D i s t r i c t s  3 ( C o g h i l l ) ,  5 (Esham y) ,  6 ( S o u t h w e s t e r n ) ,  
7 ( M o n t a g u e ) ,  and 8 ( S o u t h e a s t e r n )  combined?  The t e s t  con c lu d e d  a 
s i g n i f i c a n t  d i f f e r e n c e  (p = 0 . 022) .
4 .  I s  t h e  o v e r a l l  mean da te  of  even-year  escapement i n  D i s t r i c t s  
1 ( E a s t e r n ) ,  2 ( N o r t h e r n ) ,  and 3 ( C o g h i l l )  combined s i g n i f i c a n t l y  
d i f f e r e n t  from D i s t r i c t s  4 (N or thw es te rn ) ,  5 (Eshamy), 6 (Sou thw es te rn ) ,  
7 (Montague), and 8 ( S ou the a s te rn )  combined? This  c o n t r a s t  was shown t o  
be h i g h ly  s i g n i f i c a n t  (p = 0 .001) .
5 .  I s  t h e  o v e r a l l  mean da te  of  even-year  escapement i n  D i s t r i c t s
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1 ( E a s t e r n ) ,  and 3 ( C o g h i l l )  combined  s i g n i f i c a n t l y  d i f f e r e n t  f rom 
D i s t r i c t s  2 ( N o r th e rn ) ,  4 ( N o r t h v e s t e r n ) , 5 (Eshamy), 6 (Sou thw es te rn ) ,  
7 (Montague) ,  and  8 ( S o u t h e a s t e r n )  combined? A h i g h l y  s i g n i f i c a n t  
d i f f e r e n c e  was concluded (p = 0 . 001) .
6 . I s  t h e  o v e r a l l  mean d a t e  of  even-year  escapement i n  D i s t r i c t s  
3 ( C o g h i l l ) ,  and 4 (Nor thwestern)  combined s i g n i f i c a n t l y  d i f f e r e n t  f rom 
D i s t r i c t s  1 ( E a s t e r n ) ,  2 ( N o r t h e r n ) ,  5 (E sham y) ,  6 ( S o u t h w e s t e r n ) ,  
7 (Montague), and 8 ( S ou the a s te rn )  combined? The t e s t  c o n c l u d e d  t h a t  
t h i s  c o n t r a s t  was s i g n i f i c a n t  (p -  0 . 0 2 4 ) .
7.  I s  the  o v e r a l l  mean d a te  o f  even-year  e scapem en t  i n  D i s t r i c t s
1 ( E a s t e r n ) ,  and 4 ( N o r t h w e s t e r n )  combined s i g n i f i c a n t l y  d i f f e r e n t  
D i s t r i c t s  2 ( N o r t h e r n ) ,  3 ( C o g h i l l ) ,  5 (Esham y) ,  6 ( S o u t h w e s t e r n ) ,  
7 ( M o n t a g u e ) ,  and 8 (S o u th e a s te rn )  combined? A s i g n i f i c a n t  d i f f e r e n c e  
was concluded (p = 0 .0 3 3 ) .
8 . I s  t h e  o v e r a l l  mean d a t e  of  even-year  escapement i n  D i s t r i c t s
2 (N or the rn ) ,  and 3 ( C o g h i l l )  combined  s i g n i f i c a n t l y  d i f f e r e n t  f rom 
D i s t r i c t s  1 ( E a s t e r n ) ,  4 (N o r th w es t e rn ) ,  5 (Eshamy), b (Sou thw es te rn ) ,  
7 (M ontague) ,  and  8 ( S o u t h e a s t e r n )  combined? The t e s t  c o n c l u d e d  a 
s i g n i f i c a n t  d i f f e r e n c e  (p = 0 . 0 2 8 ) .
9 .  I s  t h e  o v e r a l l  mean d a t e  of  even-year  escapement i n  D i s t r i c t s  
2 ( N o r th e rn ) , and 4 (Northwestern)  combined s i g n i f i c a n t l y  d i f f e r e n t  from 
D i s t r i c t s  1 ( E a s t e r n ) ,  3 ( C o g h i l l ) ,  5 (Esham y) ,  6 ( S o u t h w e s t e r n ) ,  
7 ( M on ta gue ) ,  and  8 ( S o u t h e a s t e r n )  combined?  The t e s t  f a i l e d  t o  
conclude t h a t  t h i s  c o n t r a s t  was s i g n i f i c a n t  (p = 0 .3 1 3 ) .
10. I s  the  o v e r a l l  mean d a te  of  even-year  escapement i n  D i s t r i c t s  
1 ( E a s t e r n )  , and  2 ( N o r t h e r n )  com bined  s i g n i f i c a n t l y  d i f f e r e n t  from 
D i s t r i c t s  3 ( C o g h i l l ) ,  4 (N or thw es te rn ) ,  5 (Eshamy), 6 ( S o u t h w e s t e r n ) ,
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7 (Montague), and 8 ( S o u th e a s t e r n )  combined? A s i g n i f i c a n t  d i f f e r e n c e  
was concluded (p = 0 . 0 3 7 ) .
1 1 .  I s  t h e  o v e r a l l  mean d a te  of  even-year  escapement  i n  D i s t r i c t s  
1 ( E a s t e r n ) ,  2 ( N o r th e r n ) ,  3 ( C o g h i l l ) ,  and 4 ( N o r t h w e s t e r n )  combined  
s i g n i f i c a n t l y  d i f f e r e n t  f rom D i s t r i c t s  5 (Eshamy), 6 ( S o u th w e s t e rn ) ,  
7 (Montague), and 8 ( S o u th e a s te r n )  combined? The t e s t  c o n c l u d e d  t h a t  
t h i s  c o n t r a s t  was h i g h l y  s i g n i f i c a n t  (p < 0 .001) .
Examina t ion of  t h e  average means o f  the t ime d e n s i t i e s  by d i s t r i c t  
f o r  t h e  o d d - c y c l e  o f  spawning  e s c a p e m e n t ,  showed t h a t  only D i s t r i c t s
1 ( E a s t e r n ) ,  2 (N o r th e r n ) ,  3 ( C o g h i l l ) ,  and 8 (S o u th e a s te rn )  had e a r l i e r  
h i s t o r i c  a v e r a g e  mean d a t e s  o f  m ig r a t i o n  (August 10,  August 7 ,  August 
14, August 15,  r e s p e c t i v e l y )  t h a n  the  o v e r a l l  sound-wide grand  mean da te  
o f  e s c a p e m e n t .  P a i r w i s e  c o m p a r i s o n  a n a l y s i s  r e v e a l e d  t h a t  D i s t r i c t
2 (Northern)  was n o t  s i g n i f i c a n t l y  d i f f e r e n t  from D i s t r i c t s  1 ( E a s t e r n ) , 
an d  3 ( C o g h i l l ) ,  a n d  t h a t  D i s t r i c t  1 ( E a s t e r n )  d i d  n o t  d i f f e r  
s i g n i f i c a n t l y  from D i s t r i c t s  2 ( N o r t h e r n ) ,  3 ( C o g h i l l ) ,  7 ( M o n t a g u e ) ,  
and 8 ( S o u t h e a s t e r n ) .  A l l  p o s s i b l e  two-way, th ree -w ay ,  and four-way 
c o m b i n a t i o n s  o f  t h e s e  f o u r  management  d i s t r i c t s  were  e x a m in e d  f o r  
combined d i f f e r e n c e s  i n  m i g r a t o r y  b e h a v i o r  w i t h  t h a t  o f  t h e  combined 
remaining d i s t r i c t s .
Cons ider ing  odd-year  escapement  d a t a ,  e leven  l i n e a r  combina t ions  of  
management d i s t r i c t s  were examined f o r  d i f f e r e n c e s  i n  the  mean d a t e s  o f  
escapement:
1 .  I s  t h e  o v e r a l l  mean d a t e  o f  odd-year  escapement  i n  D i s t r i c t s  
1 ( E a s t e r n ) ,  2 ( N o r t h e r n ) ,  and  3 ( C o g h i l l )  combined  s i g n i f i c a n t l y
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d i f f e r e n t  from D i s t r i c t s  4 (N o r th w es t e rn ) ,  5 (Eshamy), 6 (Sou thw es te rn ) ,  
7 ( M o n t a g u e ) ,  and  8 ( S o u t h e a s t e r n )  combined? The t e s t  concluded t h a t  
t h i s  c o n t r a s t  was h i g h ly  s i g n i f i c a n t  (p < 0 . 001) .
2 .  I s  t h e  o v e r a l l  mean d a t e  o f  odd-yea r  escapement  i n  D i s t r i c t s  
2 ( N o r th e r n ) ,  3 ( C o g h i l l ) ,  and 8 (S o u th e a s te r n )  combined  s i g n i f i c a n t l y  
d i f f e r e n t  f rom  D i s t r i c t s  1 ( E a s t e r n ) ,  4 ( N o r t h w e s t e r n ) ,  5 (Eshamy), 
6 (Sou th w es te rn ) ,  and 7 (Montague) combined? A s i g n i f i c a n t  d i f f e r e n c e  
was concluded (p = 0 .0 0 7 ) .
3 .  I s  t h e  o v e r a l l  mean d a t e  o f  odd-year  escapement  i n  D i s t r i c t s
1 ( E a s t e r n ) ,  3 ( C o g h i l l ) ,  and 8 ( S o u t h e a s t e r n )  combined  s i g n i f i c a n t l y  
d i f f e r e n t  f rom  D i s t r i c t s  2 ( N o r t h e r n ) ,  4 ( N o r th w es t e rn ) ,  5 (Eshamy), 
6 ( S o u t h w e s t e r n ) ,  and  7 (Montague)  combined?  The t e s t  c o n c l u d e d  a 
s i g n i f i c a n t  d i f f e r e n c e  (p = 0 .0 3 2 ) .
4 .  I s  t h e  o v e r a l l  mean d a te  of odd-year  i n  D i s t r i c t s  1 ( E a s t e r n ) ,
2 ( N o r th e rn ) ,  and 8 (S o u th e a s te r n )  combined s i g n i f i c a n t l y  d i f f e r e n t  from 
D i s t r i c t s  3 ( C o g h i l l ) ,  4 (N o r th w es t e rn ) ,  5 (Eshamy), 6 (Sou thw es te rn ) ,  
and 7 (Montague)  combined?  A h i g h l y  s i g n i f i c a n t  d i f f e r e n c e  was  
concluded (p = 0 . 001) .
5 .  I s  t h e  o v e r a l l  mean da te  of  odd-year  i n  D i s t r i c t s  2 ( N o r th e rn ) ,  
and 8 (S o u th e a s te rn )  combined s i g n i f i c a n t l y  d i f f e r e n t  f rom D i s t r i c t s  
1 ( E a s t e r n ) ,  3 ( C o g h i l l ) ,  4 ( N o r t h w e s t e r n ) ,  5 ( E s h a m y ) ,  
6 (Sou thw es te rn ) ,  and 7 (Montague) combined? The t e s t  c o n c l u d e d  t h a t  
t h i s  c o n t r a s t  was s i g n i f i c a n t  (p = 0 .012) .
6 . I s  the  o v e r a l l  mean da te  o f  o d d - y e a r  e s c a p e m e n t  i n  D i s t r i c t s
3 ( C o g h i l l ) ,  and 8 (S o u th e a s te r n )  combined s i g n i f i c a n t l y  d i f f e r e n t  from 
D i s t r i c t s  1 ( E a s t e r n ) ,  2 ( N o r t h e r n ) ,  4 ( N o r t h w e s t e r n ) ,  5 (Esham y) ,  
€ ( S o u t h w e s t e r n ) ,  and 7 (Montague)  combined?  The t e s t  f a i l e d  t o
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conclude t h a t  t h i s  c o n t r a s t  was s i g n i f i c a n t  (p = 0 .3 4 1 ) .
7 .  I s  t h e  o v e r a l l  mean d a t e  o f  odd-year  escapement i n  D i s t r i c t s  
1 ( E a s t e r n ) ,  and 8 (S o u th e a s te r n )  combined s i g n i f i c a n t l y  d i f f e r e n t  f rom 
D i s t r i c t s  2 ( N o r t h e r n ) ,  3 ( C o g h i l l ) ,  4 ( N o r t h w e s t e r n ) ,  5 (Eshamy),
6 (Sou thw es te rn ) ,  and 7 (Montague) combined? A s i g n i f i c a n t  d i f f e r e n c e  
was concluded (p = 0 .0 6 2 ) .
8 . I s  t h e  o v e r a l l  mean d a t e  o f  odd-year  escapement  i n  D i s t r i c t s
1 ( E a s t e r n ) ,  and 2 ( N o r t h e r n )  combined  s i g n i f i c a n t l y  d i f f e r e n t  f rom 
D i s t r i c t s  3 ( C o g h i l l ) ,  4 ( N or thw es te rn ) ,  5 (Eshamy), 6 (Sou thw es te rn ) ,
7 (Montague),  and 8 (S o u th e a s te rn )  combined? This  c o n t r a s t  was shown t o  
be h i g h ly  s i g n i f i c a n t  (p < 0 . 001) .
9 .  I s  t h e  o v e r a l l  mean d a t e  o f  odd-year  escapement  i n  D i s t r i c t s
2 ( N o r th e r n ) ,  and 3 ( C o g h i l l )  com bined  s i g n i f i c a n t l y  d i f f e r e n t  f rom 
D i s t r i c t s  1 ( E a s t e r n ) ,  4 ( N or thw es te rn ) ,  5 (Eshamy), 6 ( S ou thw e s te rn ) ,  
7 (Montague),  and 8 (S o u th e a s te rn )  combined? A s i g n i f i c a n t  d i f f e r e n c e  
was concluded (p -  0 . 0 0 6 ) .
1 0 .  I s  t h e  o v e r a l l  mean d a te  of  odd-year  escapement  i n  D i s t r i c t s  
1 ( E a s t e r n ) ,  and 3 ( C o g h i l l )  combined  s i g n i f i c a n t l y  d i f f e r e n t  f rom 
D i s t r i c t s  2 (N o r th e r n ) ,  4 ( N or thw es te rn ) ,  5 (Eshamy), 6 (So u th w e s t e rn ) ,  
7 (Montague),  and 8 (S o u th e a s te r n )  combined? The t e s t  showed t h a t  t h i s  
c o n t r a s t  was s i g n i f i c a n t  (p = 0 .0 3 3 ) .
1 1 .  I s  t h e  o v e r a l l  mean da te  of  odd-year  escapement i n  D i s t r i c t s  
1 ( E a s t e r n ) ,  2 ( N o r th e r n ) ,  3 ( C o g h i l l ) ,  and  8 ( S o u t h e a s t e r n )  combined  
s i g n i f i c a n t l y  d i f f e r e n t  f rom D i s t r i c t s  4 ( N or thw es te rn ) ,  5 (Eshamy), 
6 (Sou thw es te rn ) ,  and 7 (Montague) combined? This  c o n t r a s t  was shown t o  
be h i g h ly  s i g n i f i c a n t  (p < 0 .001) .
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4.3 C o r r e l a t i o n  and R egress ion  Ana ly s i s
F o r  t h e  d a t a  c a t e g o r i e s  o f  c a t c h ,  and  spaw n ing  escapement ,  the 
Pearson  p ro d u c t  moment c o r r e l a t i o n  c o e f f i c i e n t  r ,  was computed  f o r  a l l  
p o s s i b l e  p a i r w i s e  c o m b i n a t i o n s  o f  t h e  management  d i s t r i c t s  f o r  the 
o d d - c y c l e  and t h e  e v e n - c y c l e  i n d e p e n d e n t l y .  F o r  t h e  p u r p o s e s  o f  
d e t e r m i n i n g  t h e  n a t u r e  o f  a s s o c i a t i o n  between the  management d i s t r i c t s  
and the  o v e r a l l  sound-wide t im ing  b e h a v io r ,  the  sound-wide c a t e g o r y  was 
i n c l u d e d  a s  a ' d i s t r i c t '  member. A t e s t  of  s i g n i f i c a n c e  was performed 
on e a c h  c o r r e l a t i o n  c o e f f i c i e n t  c o m p u t e d  w h i c h  w as  b a s e d  on  t h e  
S t u d e n t ' s  -  t  d i s t r i b u t i o n  w i t h  (n-2)  degrees  of  f reedom. The c r i t i c a l  
or  ' p '  v a lu e  was r e p o r t e d  f o r  a l l  hypotheses  t e s t e d .
C o r r e l a t i o n  A na lys is  of  Catch Data
Employing the  mean d a t e s  of  m ig r a t i o n  f o r  e v en -cyc le  c a t c h  d a t a ,  r  
was c a l c u l a t e d  f o r  a l l  p o s s i b l e  combinat ions of  D i s t r i c t s  1 ( E a s t e r n ) ,
2 ( N o r t h e r n ) ,  3 ( C o g h i l l ) ,  4 ( N o r t h w e s t e r n ) ,  6 ( S o u t h w e s t e r n ) ,  and 
8 ( S o u t h e a s t e r n )  ( T a b l e  1 4 ) .  Those  management  d i s t r i c t s  whose mean 
d a t e s  of  m i g r a t i o n  w e r e  f o u n d  t o  be  most  h i g h l y  c o r r e l a t e d  w i t h  t h e  
o v e r a l l  sound-wide m ig r a to r y  b e h a v io r  were:  4 (Nor thwes te rn)  ( r  = 0 .9 8 ,  
p = 0 . 0 0 2 ) ,  1 ( E a s t e r n )  ( r  = 0 . 9 6 ,  p = 0 . 0 0 4 ) ,  and  6 ( S o u t h w e s t e r n )  
( r  = 0 . 9 6 ,  p = 0 . 0 1 8 ) .  D i s t r i c t s  2 (Northern)  ( r  = 0 . 8 7 ,  p = 0 .0 2 3 ) ,  
and 8 ( S o u t h e a s t e r n )  ( r  = 0 . 8 7 ,  p = 0 .0 2 7 )  were  a l s o  s i g n i f i c a n t l y  
c o r r e l a t e d  w i t h  t h e  o v e r a l l  sound-wide t iming  b e h a v i o r .  Only D i s t r i c t
3 (Cogh i l l )  f a i l e d  t o  show a s i g n i f i c a n t  c o r r e l a t i o n  w i t h  the  sound-wide 
mean d a t e s  of  m ig r a t i o n  ( r  = 0 .5 7 ,  p = 0 .1 2 ) .
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Table 14. Pearson  p r oduc t  moment c o r r e l a t i o n  c o e f f i c i e n t s  ( r ) ,  sample  
s i z e s  ( n )  , a n d  c r i t i c a l  v a l u e s  (p)  f o r  p a i r w i s e  c o m b i n a t i o n s  o f  
management d i s t r i c t s  ( r / n / p ) , f o r  t b e  e v e n - c y c l e  o f  c a t c b .  D i s t r i c t  
c o d e s :  1 = E a s t e r n ,  2 = N o r t h e r n ,  3 = C o g h i l l ,  4 = N o r t h w e s t e r n ,
5 = Eshamy, 6 = S o u t h w e s t e r n ,  7 = M o n t a g u e ,  8 = S o u t h e a s t e r n ,
1-8  = Sound-wide. *** = d a ta  were no t  a v a i l a b l e .  ----- = c o r r e l a t i o n  was
no t  performed.
Management D i s t r i c t
1 2 3 4 5 6 7 8 1-8
0.751 0.672 0.864 0.858 0.737 0.964
1 ---- 5 5 4 ee* 4 *** 5 5
0.072 0.107 0.068 0.071 0.078 0.004
0.751 0.383 0.964 0.908 0.956 0.886
2 5 ---- 5 4 *•* 4 •** 5 5
0.072 0.262 0.018 0.046 0.006 0.023
0.672 0.383 0.723 0.782 0.175 0.568
3 5 5 ---- 5 *** 4 «•* 5 6
0.107 0.262 0.084 0.109 0.389 0.120
0.864 0.964 0.723 0.910 0.951 0.979
4 4 4 5 ---- •** 4 *** 4 5
0.068 0.018 0.084 0.045 0.024 0.002
5 •** •«* *«* *•* ---- *** *** *** ***
0.858 0.908 0.782 0.910 0.925 0.963
6 4 4 4 4 *** ---- *•* 4 4
0.071 0.046 0.109 0.045 0.038 0.018
7 •** *** **• *** •** *** ---- *** ***
0.737 0.956 0.175 0.951 0.925 0.873
8 5 5 5 4 *** 4 *** ---- 5
0.078 0.006 0.389 0.024 0.038 0.027
0.964 0.886 0.568 0.979 0.963 0.873
1-8 5 5 6 5 *** 4 *** 5 ----
0.004 0.023 0.120 0.002 0.018 0.027
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Using the  mean d a t e s  of  m ig r a t i o n  f o r  odd -cyc le  c a t c h  d a t a ,  r  was 
c a l c u l a t e d  f o r  a l l  p o s s i b l e  p a i r w i s e  c o m b i n a t i o n s  o f  D i s t r i c t s  
1 ( E a s t e r n ) ,  2 ( N o r t h e r n ) ,  3 ( C o g h i l l ) ,  4 ( N o r t h w e s t e r n ) ,  
6 ( S o u t h w e s t e r n ) ,  7 ( M o n t a g u e ) ,  and 8 ( S o u t h e a s t e r n )  ( T a b l e  1 5 ) .  
D i s t r i c t s  8 ( S o u t h e a s t e r n )  ( r  = 0 . 9 9 5 ,  p < 0 . 0 0 1 ) ,  1 ( E a s t e r n )  
( r  = 0 . 9 7 ,  p < 0 . 0 0 1 ) ,  and 6 (Sou thweste rn)  ( r  = 0 .9 7 ,  p < 0.001)  were 
t h e  most  h i g h ly  c o r r e l a t e d  w i th  the  sound-wide mean d a t e s  of  m i g r a t i o n .  
D i s t r i c t  2 ( N o r t h e r n )  ( r  = 0 . 8 6 ) ,  and D i s t r i c t  3 (C o g h i l l )  ( r  = 0.76)  
were a l s o  s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  the sound-wide t iming b e h a v i o r ,  
p = 0 .0 0 6  and p = 0 . 0 2 ,  r e s p e c t i v e l y .  Only D i s t r i c t s  4 (Nor thwestern)  
( r  = 0 .6 1 ,  p = 0 . 7 4 ) ,  and 7 (Montague) ( r  = 0 . 6 9 ,  p = 0 . 1 0 )  f a i l e d  t o  
d e m o n s t r a t e  s i g n i f i c a n t l y  c o r r e l a t e d  b e ha v io r  w i th  t h e  sound-wide mean 
d a te s  o f  m i g r a t i o n  a t  t h e  a  = 0.05 s i g n i f i c a n c e  l e v e l .
C o r r e l a t i o n  A na lys i s  o f  Spawning Escapement Data
C o n s i d e r i n g  t h e  means o f  t h e  a n n u a l  m i g r a t o r y  t ime d e n s i t i e s  o f  
e ven-cyc le  escapement  d a t a ,  r  was com puted  f o r  s e v e n t y - t w o  d i f f e r e n t  
c o m b i n a t i o n s  o f  D i s t r i c t s  1 t h r o u g h  8 p l u s  D i s t r i c t  1 -8  (Sound-wide) 
(Table  16 ) .  Those d i s t r i c t s  shown t o  be  m os t  h i g h l y  c o r r e l a t e d  w i t h  
s o u n d - w i d e  mean d a t e s  o f  m i g r a t i o n  w e r e :  2 ( N o r t h e r n )  ( r  = 0 . 8 7 ,
p = 0 . 0 0 1 ) ,  3 ( C o g h i l l )  ( r  = 0 . 7 6 ,  p = 0 . 0 0 5 ) ,  a n d  1 ( E a s t e r n )  
( r  = 0 . 7 3 ,  p = 0 . 0 0 8 ) .  D i s t r i c t  8 ( S o u t h e a s t e r n )  ( r  = 0 . 5 9 ) ,  and 
D i s t r i c t  7 (Montague) ( r  = 0.57 )  were a l s o  s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  
t h e  o v e r a l l  t i m i n g  i n  t h e  s o u n d  w i t h  p = 0 . 0 3 7  a n d  p = 0 . 0 4 2 ,  
r e s p e c t i v e l y .  D i s t r i c t s  5 ( E s h a m y )  ( r  = - 0 . 7 4 ,  p = 0 . 0 7 ) ,
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Table 15.  P ea rson  p r o d u c t  moment c o r r e l a t i o n  c o e f f i c i e n t s  ( r ) ,  sample  
s i z e s  ( n )  , a n d  c r i t i c a l  v a l u e s  (p )  f o r  p a i r w i s e  c o m b i n a t i o n s  o f  
management d i s t r i c t s  ( r / n / p ) ,  f o r  t b e  o d d - c y c l e  o f  c a t c b .  D i s t r i c t  
c o d e s :  1 -  E a s t e r n ,  2 = N o r t h e r n ,  3 = C o g h i l l ,  4 = N o r t h w e s t e r n ,
5 = Eshamy, 6 = S o u t h w e s t e r n ,  7 = M o n t a g u e ,  8 = S o u t h e a s t e r n ,
1 -8  = Sound-wide. *** = d a t a  were no t  a v a i l a b l e .  ----- = c o r r e l a t i o n  was
no t  performed.
Management D i s t r i c t
1 2 3 4 5 6 7 8 1-8
0.904 0.785 0.522 0.945 0.697 0.961 0.973
1 ---- 7 7 7 *** 7 5 7 7
0.003 0.018 0.115 0.001 0.095 0 .001- 0 .001-
0.904 0.605 0.208 0.933 0.500 0.857 0.863
2 7 ---- 7 7 *** 7 5 7 7
0.003 0.075 0.327 0.001 0.195 0.007 0.006
0.785 0.605 0.799 0.647 0.889 0.757 0.761
3 7 7 ---- 7 *** 7 5 7 7
0.018 0.075 0.016 0.058 0.022 0.024 0.023
0.522 0.208 0.799 0.444 0.533 0.626 0.608
4 7 7 7 ---- •** 7 5 7 7
0.115 .0327 0.016 0.159 0.177 0.066 0.074
5 *** *•* *** *** *** «*• *** ***
0.945 0.933 0.647 0.444 0.545 0.972 0.971
6 7 7 7 7 *** ---- 5 7 7
0.001 0.001 0.058 0.159 0.171 0 .001- 0 .001-
0.697 0.500 0.889 0.533 0.545 0.689 0.688
7 5 5 5 5 *** 5 ----- 5 5
0.095 0.195 0.022 0.177 0.171 0.099 0.100
0.961 0.857 0.757 0.626 0.972 0.689 0.995
8 7 7 7 7 *•* 7 5 ---- 7
0 .001- 0.007 0.024 0.066 0 .001- 0.099 0 .001-
0.973 0.863 0.761 0.608 0.971 0.688 0.995
1-8 7 7 7 7 *** 7 5 7 ----
0 .001- 0.006 0.023 0.074 0 .001- 0.100 0 .001-
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Table 16.  Pea rson  p ro d u c t  moment c o r r e l a t i o n  c o e f f i c i e n t s  ( r )  , sample  
s i z e s  ( n )  , a n d  c r i t i c a l  v a l u e s  (p)  f o r  p a i r w i s e  c o m b i n a t i o n s  o f  
management d i s t r i c t s  ( r / n / p ) , f o r  tbe  even-cyc le  of  spawning escapement .  
D i s t r i c t  c o d e s :  1 = E a s t e r n ,  2 -  N o r t h e r n ,  3 = C o g h i l l ,
4 = N o r t h w e s t e r n ,  5 = E s h a m y ,  6 = S o u t h w e s t e r n ,  7 = M o n t a g u e ,  
8 = S o u th e a s t e rn ,  1 -8  = Sound-wide. ----- = c o r r e l a t i o n  n o t  performed.
Management D i s t r i c t
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4 (Nor thwestern )  ( r  = 0 .0 8 ,  p = 0 . 4 1 ) ,  and 6 (Southwestern)  ( r  = - 0 . 0 4 ,  
p = 0 . 4 6 )  f a i l e d  t o  show show s i g n i f i c a n t  c o r r e l a t i o n  w i t h  t h e  o v e r a l l  
sound-wide even-year  t iming b e h a v io r .
Using th e  means o f  the  annual  m ig r a to r y  t ime d e n s i t i e s  o f  odd-cyc le  
escapement d a t a ,  r  was computed f o r  seventy- two u n iq u e  c o m b i n a t i o n s  o f  
a l l  n i n e  d i s t r i c t  c a t e g o r i e s  ( T a b l e  1 7 ) .  A l l  management  d i s t r i c t s  
d e m o n s t r a t e d  s i g n i f i c a n t  c o r r e l a t i o n  w i t h  t h e  s o u n d - w i d e  t i m i n g  
b e h a v i o r .  I n  o r d e r  o f  d e c r e a s i n g  l e v e l  o f  s i g n i f i c a n c e  t h e y  were: 
1 ( N o r t h e r n )  ( r  = 0 . 9 1 ,  p < 0 . 0 0 1 ) ,  8 ( S o u t h e a s t e r n )  ( r  = 0 . 8 8 ,  
p < 0 . 0 0 1 ) ,  7 (Montague)  ( r  = 0 . 8 8 ,  p < 0 . 0 0 1 ) ,  1 (Eas te rn )  ( r  = 0 .8 8 ,  
p < 0 . 0 0 1 ) ,  3 ( C o g h i l l )  ( r  = 0 . 8 0 ,  p = 0 . 0 0 2 ) ,  4 ( N o r t h w e s t e r n )  
( r  = 0 . 8 0 ,  p = 0 . 0 0 3 ) ,  6 ( S o u t h w e s t e r n )  ( r  = 0 . 7 0 ,  p = 0 . 0 1 9 ) ,  and
5 (Eshamy) ( r  = 0 .9 5 ,  p = 0 .0 2 3 ) .
F o r  each cyc le  y e a r  of  d a t a ,  f i r s t  o r d e r  m u l t i p l e  l i n e a r  r e g r e s s i o n  
models were c o n s t r u c te d  f o r  t h e  p u r p o s e  o f  d e t e r m i n i n g  i f  t h e r e  w ere  
l i n e a r  c o m b i n a t i o n s  o f  the  management d i s t r i c t s  which could be used  t o  
p r e d i c t  the  t im ings  of  c a tc h e s  and spawning escapements on a s o u n d -w id e  
b a s i s .  I n  a l l  such m o d e l s ,  t h e  dependent  v a r i a b l e  was the  sound-wide 
mean d a t e  o f  m i g r a t i o n  w h i l e  t h e  d e p e n d e n t  v a r i a b l e s  w e r e  t h e  
c o r r e s p o n d i n g  mean d a t e s  o f  t h e  m i g r a t o r y  t im e  d e n s i t i e s  f o r  e a c h  
management d i s t r i c t .
S e l e c t i o n  o f  t h e  s u b s e t  o f  dependen t  v a r i a b l e s  was guided by the  
r e s u l t s  o b t a i n e d  from t h e  p a i r w i s e  c o m p a r i s o n  a n a l y s i s ,  b y  l i n e a r  
c o m b i n a t i o n s  o f  d i s t r i c t s  s u g g e s t e d  by S c h e f f e ' s  method o f  m u l t i p l e
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Table 17. Pea rson  p r o d u c t  moment c o r r e l a t i o n  c o e f f i c i e n t s  ( r ) ,  sample  
s i z e s  ( n )  , a n d  c r i t i c a l  v a l u e s  (p )  f o r  p a i r w i s e  c o m b i n a t i o n s  o f  
management d i s t r i c t s  ( r / n / p ) ,  f o r  the odd-cyc le  of  spawning e s c a p e m e n t .  
D i s t r i c t  c o d e s :  1 = E a s t e r n ,  2 = N o r t h e r n ,  3 = C o g h i l l ,
4 = N o r t h w e s t e r n ,  5 = E s h a m y ,  6 = S o u t h w e s t e r n ,  7 = M o n t a g u e ,  
8 = So u th e as t e rn ,  1 -8  = Sound-wide. ----- = c o r r e l a t i o n  not  performed.
Management D i s t r i c t
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comparisons,  and by the  n a tu r e  o f  the  r e l a t i v e  t im ings of  the  d i s t r i c t s  
t o  t h e  o v e r a l l  sound-wide t iming w i t h i n  each c yc le  y e a r  and c a t e g o r y  of  
d a t a .  The c o e f f i c i e n t  of  m u l t i p l e  d e t e r m i n a t i o n ,  R2 , was computed f o r  
e a c h  r e g r e s s i o n  e q u a t i o n .  Simply s t a t e d ,  R can be i n t e r p r e t e d  as  t h e  
p r o p o r t i o n  o f  t o t a l  v a r i a t i o n  i n  t h e  sound-wide t iming  b e h a v i o r ,  Y t h a t  
i s  e x p l a i n e d  b y  t h e  u s e  o f  t h e  s e t  o f  management  d i s t r i c t s ,  X ^ ' s  
acco rd in g  t o  the  r u l e s  of  t h e  model .
M u l t i p le  R e g r e s s io n  A na lys i s  of  Catch Data
C o n s i d e r i n g  e v e n - c y c l e  c a t c h  d a t a ,  the fo l lowing  m u l t i p l e  l i n e a r  
r e g r e s s i o n  e qua t ions  were computed:
1 .  Y “  - 0 .7 7 4  + (0 .161)X4 -  (0 .328)X3 , R2 = 0 .9998
D i s t r i c t  4 ( N o r t h w e s t e r n )  a c c o u n t e d  f o r  the m a j o r i t y  of  t h e  e x p la in ed  
v a r i a t i o n  ( R 2 = 0 . 9 5 8 ) ,  w h i l e  t h e  i n c r e m e n t a l  R2 a t t r i b u t a b l e  t o  
D i s t r i c t  3 ( C o g h i l l )  g i v e n  t h a t  Nor thwes te rn was a l r e a d y  i n  t h e  model 
was 0 . 0 4 1 .  The t e s t  o f  t h e  r e g r e s s i o n  r e l a t i o n s h i p  c o n c l u d e d  a 
s i g n i f i c a n t  F* = 831.74 (0 .001  < p <  0 . 0 0 5 ) ,  based on the  F d i s t r i b u t i o n  
w i t h  2 and 2 d f .
2 .  Y = -0 .245  + (0 .804)X1 + (0.621)X6 , R2 = 0.9993
D i s t r i c t  1 ( E a s t e r n )  a c c o u n t e d  f o r  t h e  m a j o r i t y  o f  t h e  e x p l a i n e d  
v a r i a t i o n  ( R 2 = 0 . 9 2 9 ) ,  w h i l e  t h e  i n c r e m e n t a l  R2 a t t r i b u t a b l e  t o  
D i s t r i c t  6 ( S o u t h w e s t e r n )  g i v e n  t h a t  E a s te r n  was a l r e a d y  i n  t h e  model
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was 0 .0 7 .  The t e s t  o f  t h e  r e g r e s s i o n  r e l a t i o n s h i p  c o n c l u d e d  a 
s i g n i f i c a n t  F* = 708.34 (0.025 < p < 0 .0 5 ) ,  based  on th e  F d i s t r i b u t i o n  
w i t h  2 and 1 d f .
U s i n g  o d d - c y c l e  c a t c h  d a t a ,  t h e  f o l l o w i n g  m u l t i p l e  l i n e a r  
r e g r e s s i o n  e q ua t ions  were computed:
1. Y = -0 .649 + (0.811)X2 -  (0.416)X3 + (0.790)X4 , R3 = 0.9595
D i s t r i c t  2 ( N o r t h e r n )  accoun ted f o r  74.45% o f  the  ex p la in ed  v a r i a t i o n ,  
w h i l e  t h e  i n c r e m e n t a l  R3 ' s a t t r i b u t a b l e  t o  D i s t r i c t s  3 ( C ogh i l l )  and 
4 ( N o r t h w e s t e r n )  were  0 .0 9  and  0 . 1 2 ,  r e s p e c t i v e l y .  The t e s t  o f  the  
r e g r e s s i o n  r e l a t i o n s h i p  c o n c l u d e d  a s i g n i f i c a n t  F* = 2 3 .6 7  
(0.01 <. p < 0 .0 2 5 ) ,  based  on th e  F d i s t r i b u t i o n  w i t h  3 and 3 d f .
2 . Y = -0 .327 + (0.662)X2 + (0.495)X4 , R3 = 0.9361
D i s t r i c t  2 ( N o r t h e r n )  a c c o u n t e d  f o r  t h e  m a j o r i t y  o f  t h e  e x p l a i n e d  
v a r i a t i o n  ( R 3 = 0 . 7 4 5 ) ,  w h i l e  t h e  i n c r e m e n t a l  R3 a t t r i b u t a b l e  t o  
D i s t r i c t  4 ( N o r t h w e s t e r n )  g iven  t h a t  N or the rn  was a l r e a d y  i n  the  model 
was 0 .1 9 .  The t e s t  o f  t h e  r e g r e s s i o n  r e l a t i o n s h i p  c o n c l u d e d  a 
s i g n i f i c a n t  F* = 29.29 (0.001 <. p <. 0 .0 0 5 ) ,  based  on th e  F d i s t r i b u t i o n  
w i t h  2 and 4 d f .
3 . Y = 0.677 + (0.545)X2 + (0.412)X3 , R3 = 0.835
D i s t r i c t  2 ( N o r t h e r n )  a c c o u n t e d  f o r  t h e  m a j o r i t y  o f  t h e  e x p l a i n e d
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v a r i a t i o n  ( R a = 0 . 7 4 5 ) ,  w h i l e  t h e  i n c r e m e n t a l  Ra a t t r i b u t a b l e  t o  
D i s t r i c t  3 ( C o g h i l l )  g i v e n  t h a t  Nor thern  was a l r e a d y  i n  the  model was 
0 . 0 9 .  The t e s t  o f  t h e  r e g r e s s i o n  r e l a t i o n s h i p  concluded a s i g n i f i c a n t  
F* = 10.11 (0 .025  < p < 0 . 0 0 5 ) ,  based  on the  F d i s t r i b u t i o n  w i t h  2 and 4 
d f .
4. Y = 0.567 + (0.422)Xi + (0.331)X2 -  (0.436)X3 + (0.542)X4 ,
Ra = 0.9905
The d e c re a s in g  o r d e r  o f  i n c l u s i o n  o f  t h e s e  d i s t r i c t s  i n t o  t h e  model was: 
3 ( C o g h i l l ) ,  2 ( N o r t h e r n ) ,  4 ( N o r t h w e s t e r n ) ,  and 1 ( E a s t e r n ) .  The 
i n c r e m e n t a l  Ra ' s a t t r i b u t a b l e  t o  each d i s t r i c t  when added t o  t h e  model 
i n  t h i s  o r d e r  w e re  0 . 5 8 0 ,  0 . 2 5 5 ,  0 .1 2 5 ,  and 0 .0 31 ,  r e s p e c t i v e l y .  The 
t e s t  o f  t h e  r e g r e s s i o n  r e l a t i o n s h i p  concluded a s i g n i f i c a n t  F* -  51.84 
(0 .001  <. p <. 0 . 0 0 5 ) ,  based  on th e  F d i s t r i b u t i o n  w i th  2 and 4 d f .
M u l t i p l e  Re g re ss ion  A na lys i s  o f  Spawning Escapement Data
C o n s i d e r i n g  e v e n - c y c l e  e s c a p e m e n t  d a t a ,  t h e  f o l l o w i n g  m u l t i p l e  
l i n e a r  r e g r e s s i o n  e qua t ions  were computed:
1 . 1 =  0 .239  + (0.126)X1 + (0.398)X2 + (0.125)X3 , Ra = 0.8305
D i s t r i c t  2 ( N o r t h e r n )  a c c o u n t e d  f o r  t h e  m a j o r i t y  o f  t h e  e x p l a i n e d  
v a r i a t i o n  (Ra = 0 . 7 5 9 ) ,  w h i l e  t h e  i n c r e m e n t a l  Ra ' s  a t t r i b u t a b l e  t o  
D i s t r i c t s  1 ( E a s t e r n )  a n d  3 ( C o g h i l l )  w e r e  0 . 0 4 4  a n d  0 . 0 2 7 ,  
r e s p e c t i v e l y .  The t e s t  o f  t h e  r e g r e s s i o n  r e l a t i o n s h i p  c o n c l u d e d  a
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s i g n i f i c a n t  F* = 9 . 8  ( 0 . 0 0 5  <. p <. 0 . 0 1 ) ,  based  on tb e  F d i s t r i b u t i o n  
w i t h  3 and 6 d f .
2 .  Y = 0 .254  + (0.483)X2 + (0 .14)X1 , Ra = 0.8161
D i s t r i c t  2 ( N o r t h e r n )  a c c o u n t e d  f o r  t h e  m a j o r i t y  o f  t h e  e x p l a i n e d  
v a r i a t i o n  ( R a = 0 . 7 5 9 ) ,  w h i l e  t h e  i n c r e m e n t a l  Ra a t t r i b u t a b l e  t o  
D i s t r i c t  1 ( E a s t e r n )  g i v e n  t h a t  Nor thern  was a l r e a d y  in  the  model was 
0 .056 .  The t e s t  o f  t h e  r e g r e s s i o n  r e l a t i o n s h i p  concluded a s i g n i f i c a n t  
F* = 15.53 (0.001  <. P < 0 . 0 0 5 ) ,  based  on the  F d i s t r i b u t i o n  w i th  2 and 7 
d f .
3 .  Y = 0 .314  + (0.204)X1 + (0.345)X3 , Ra = 0.7112
D i s t r i c t  1 ( E a s t e r n )  a c c o u n t e d  f o r  t h e  m a j o r i t y  o f  t h e  e x p l a i n e d  
v a r i a t i o n  ( R a = 0 . 5 7 9 ) ,  w h i l e  t h e  i n c r e m e n t a l  Ra a t t r i b u t a b l e  t o  
D i s t r i c t  3 ( C o g h i l l )  g i v e n  t h a t  E a s t e r n  was a l r e a d y  i n  the  model was 
0 .133 .  The t e s t  of  the  r e g r e s s i o n  r e l a t i o n s h i p  concluded a s i g n i f i c a n t  
F* = 8 .6 2  ( 0 . 0 2 5  < p <. 0 . 0 1 ) ,  based on the  F d i s t r i b u t i o n  w i th  2 and 7 
d f .
4 .  Y = 0.233 + (0.488)X2 + (0.168)X3 , Ra = 0.7866
D i s t r i c t  2 ( N o r t h e r n )  a c c o u n t e d  f o r  t h e  m a j o r i t y  o f  t h e  e x p l a i n e d  
v a r i a t i o n  ( R 8 = 0 . 7 5 9 ) ,  w h i l e  t h e  i n c r e m e n t a l  Ra a t t r i b u t a b l e  t o  
D i s t r i c t  3 ( C o g h i l l )  g i v e n  t h a t  Nor thern  was a l r e a d y  i n  t h e  model was
0 .027 .  The t e s t  of  the r e g r e s s i o n  r e l a t i o n s h i p  concluded a s i g n i f i c a n t
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F* = 12.90 (0.001 <. p <. 0 . 0 0 5 ) ,  based  on the  F d i s t r i b u t i o n  w i th  2 and 7 
d f .
U s ing  o d d - c y c l e  e s c a p e m e n t  d a t a ,  t h e  f o l l o w i n g  m u l t i p l e  l i n e a r  
r e g r e s s i o n  equa t ions  were computed:
1 .  I  = - 0 .149  + (0.232)X1 + (0.602)X2 + (0.262)X3 , R3 = 0 .9828
D i s t r i c t  2 ( N o r t h e r n )  a c c o u n t e d  f o r  t h e  m a j o r i t y  of  t h e  e x p l a i n e d  
v a r i a t i o n  (R3 = 0 . 8 2 7 ) ,  w h i l e  t h e  i n c r e m e n t a l  R3 ' s  a t t r i b u t a b l e  t o  
D i s t r i c t s  1 ( E a s t e r n )  a n d  3 ( C o g h i l l )  w e r e  0 . 0 7 2  a n d  0 . 0 8 3 ,  
r e s p e c t i v e l y .  The t e s t  o f  t h e  r e g r e s s i o n  r e l a t i o n s h i p  c o n c l u d e d  a 
s i g n i f i c a n t  F* = 114.25 (p < 0 .0 0 1 ) ,  based  on t h e  F d i s t r i b u t i o n  w i t h  3 
and 6 d f .
2 .  T = -0 .185 + (0.325)X2 + 0.353X2 + (0.37)Xg, R3 = 0.9615
D i s t r i c t  2 ( N o r t h e r n )  a c c o u n t e d  f o r  t h e  m a j o r i t y  o f  t h e  e x p l a i n e d  
v a r i a t i o n  (R3 = 0 . 8 2 7 ) ,  w h i l e  t h e  i n c r e m e n t a l  R3 , s a t t r i b u t a b l e  to  
D i s t r i c t s  1 ( E a s t e r n )  and 8 ( S o u t h e a s t e r n )  were  0 . 0 7 2  and 0 . 0 6 2 ,  
r e s p e c t i v e l y .  The t e s t  o f  t h e  r e g r e s s i o n  r e l a t i o n s h i p  c o n c l u d e d  a 
s i g n i f i c a n t  F* = 49 .93  (p < 0 .0 0 1 ) ,  based  on th e  F d i s t r i b u t i o n  w i th  3 
and 6 d f .
3 .  Y = -0 .3 5 7  + (0.83)X2 + (0.308)X3 , Ra = 0.9547
D i s t r i c t  2 ( N o r t h e r n )  a c c o u n t e d  f o r  t h e  m a j o r i t y  o f  t h e  e x p l a i n e d
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v a r i a t i o n  ( R a = 0 . 8 2 7 ) ,  w h i l e  t h e  i n c r e m e n t a l  Ra a t t r i b u t a b l e  t o  
D i s t r i c t  3 ( C o g h i l l )  g i v e n  t h a t  Nor thern  was a l r e a d y  i n  t h e  model was 
0 .127 .  The t e s t  o f  t h e  r e g r e s s i o n  r e l a t i o n s h i p  concluded a s i g n i f i c a n t  
F* = 73.73 (p < 0 .0 0 1 ) ,  based  on the  F d i s t r i b u t i o n  w i th  2 and 7 d f .
4.  T = 0.519 + (0 .435)1 ! + (0.496)Xg, Ra = 0.9408
D i s t r i c t  1 ( E a s t e r n )  a c c o u n t e d  f o r  t h e  m a j o r i t y  o f  t h e  e x p l a i n e d  
v a r i a t i o n  ( R a = 0 . 7 7 2 ) ,  w h i l e  t h e  i n c r e m e n t a l  Ra a t t r i b u t a b l e  t o  
D i s t r i c t  8 ( S o u t h e a s t e r n )  g i v e n  t h a t  E a s t e r n  was a l r e a d y  i n  the  model 
was 0 . 1 6 9 .  The t e s t  o f  t h e  r e g r e s s i o n  r e l a t i o n s h i p  c o n c l u d e d  a 
s i g n i f i c a n t  F* = 5 5 .6 1  (p < 0 .0 0 1 ) ,  based  on the  F d i s t r i b u t i o n  w i t h  2 
and 7 d f .
5. Y = -0 .270  + (0.701)X2 + (0.403)Xg, Ra = 0.9013
D i s t r i c t  2 ( N o r t h e r n )  a c c o u n t e d  f o r  t h e  m a j o r i t y  o f  t h e  e x p l a i n e d  
v a r i a t i o n  ( R a = 0 . 8 2 7 ) ,  w h i l e  t h e  i n c r e m e n t a l  Ra a t t r i b u t a b l e  t o  
D i s t r i c t  8 ( S o u t h e a s t e r n )  g iven  t h a t  Nor thern  was a l r e a d y  i n  t h e  model 
was 0 . 0 7 4 .  The t e s t  o f  t h e  r e g r e s s i o n  r e l a t i o n s h i p  c o n c l u d e d  a 
s i g n i f i c a n t  F* = 3 1 .9 7  (p < 0 .0 0 1 ) ,  based  on the  F d i s t r i b u t i o n  w i t h  2 
and 7 d f .
6. Y = 0.155 + (Q.355)Xi + (0.711)X2 , Ra = 0.8997
D i s t r i c t  2 ( N o r t h e r n )  a c c o u n t e d  f o r  t h e  m a j o r i t y  o f  t h e  e x p l a i n e d  
v a r i a t i o n  ( R a = 0 . 8 2 7 ) ,  w h i l e  t h e  i n c r e m s a t a l  Ra a t t r i b u t a b l e  t o
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D i s t r i c t  1 (E a s te rn )  g iven  t h a t  N o r th e r n  was a l r e a d y  i n  t h e  model  was 
0 . 0 7 2 .  The t e s t  o f  the  r e g r e s s i o n  r e l a t i o n s h i p  concluded a s i g n i f i c a n t  
F* = 31 .38 (p < 0 .0 0 1 ) ,  based  on t h e  F d i s t r i b u t i o n  w i th  2 and 7 d f .
7 . 1 =  0 .129  + (0.509)X! + (0.312)X3 , Ra = 0.8945
D i s t r i c t  1 ( E a s t e r n )  a c c o u n t e d  f o r  t h e  m a j o r i t y  o f  t h e  e x p l a i n e d  
v a r i a t i o n  ( R a = 0 . 7 7 2 ) ,  w h i l e  t h e  i n c r e m e n t a l  Ra a t t r i b u t a b l e  t o  
D i s t r i c t  3 ( C o g h i l l )  g i v e n  t h a t  E a s t e r n  was a l r e ad y  i n  t h e  model was 
0 .123 .  The t e s t  of  the r e g r e s s i o n  r e l a t i o n s h i p  concluded a s i g n i f i c a n t  
F* = 29.66 (p < 0 .0 0 1 ) ,  based  on th e  F d i s t r i b u t i o n  w i th  2 and 7 d f .




T h i s  r e s e a r c h  h a s  b e e n  a s e a r c h  f o r  t h e  u n d e r s t a n d i n g  o f  t h e  
dynamics  o f  t h e  p i n k  salmon f i s h e r i e s  of  P r in c e  Will iam Sound. During 
t h e  c o u r s e  o f  t h e  a n a l y s i s  s e v e r a l  s t a t i s t i c a l  m e t h o d s  h a v e  b e e n  
i d e n t i f i e d  as  unexpec ted ly  r o b u s t  f o r  the  pu rposes  of  the  comparison of  
t iming b e h a v io r .  I t  i s  the  system o f  a n a l y s i s  c o n s t r u c t e d  from t h e s e  
s t a t i s t i c a l  u t i l i t i e s  w h ic h  p r o v i d e  the  f i s h e r i e s  management s t a f f  i n  
Cordova w i th  ext remely u s e f u l  o b j e c t i v e  i n f o r m a t io n .  The o r d e r  o f  t h e  
s t a t i s t i c a l  a n a ly s e s  was d i c t a t e d  by b i o l o g i c a l  and p h y s i c a l  c o n s t r a i n t s  
on the  s e a r c h  f o r  the unde rs t and ing  of  the dynamics of  the  f i s h e r y .
I n i t i a l l y /  because  o f  the  unique l i f e  h i s t o r y  o f  p i n k  salmon t h e r e  
were obvious q u e s t i o n s  abou t  d i f f e r e n c e s  between t h e  o d d - c y c l e  and  t h e  
even-cyc le  p o p u l a t i o n s .  The f i r s t  i s s u e  t o  be a ddressed ,  t h e r e f o r e ,  was 
whether  d i f f e r e n c e s  between the two p o p u l a t i o n s  were d i s c e r n i b l e .  Would 
the  hypo thes iz ed  g e n e t i c  d i s t i n c t n e s s  between th e  p o p u l a t i o n s  o f  odd and 
even y e a r s  be q u a n t i f i a b l e ?
The two-way a n a l y s i s  o f  v a r i a n c e  model was c o n s t r u c t e d  t o  ana ly ze  
d i f f e r e n c e s  f o r  c a t c h  and spawning  e s c a p e m e n t  d a t a .  F o r  b o t h  d a t a  
c a t e g o r i e s ,  h i g h l y  s i g n i f i c a n t  d i f f e r e n c e s  were shown t o  e x i s t  between 
th e  t i m i n g s  o f  o d d - y e a r  and  e v e n - y e a r  p o p u l a t i o n s  o f  p i n k  s a l m o n .
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Compelling q u a n t i t a t i v e  evidence which i s  c o n s i s t e n t  w i t h  t h e  g e n e t i c  
h e r i t a b i l i t y  o f  m ig r a to r y  behav io r  was demonst rated  w i t h  h igh  l e v e l s  of  
conf idence .
From  a m a n a g e m e n t  p o i n t  o f  v i e w ,  t h e  p r i n c i p a l  i s s u e  t o  be 
cons ide red  was the  d i f f e r e n c e  b e t w e e n  t h e  management  d i s t r i c t s  w i t h  
r e s p e c t  t o  t i m i n g  b e h a v i o r s  f o r  t h e  cyc le  y e a r s  of  c a t c h  and spawning 
e s c a p e m e n t .  Each o f  t h e  f o u r  one-w ay  a n a l y s i s  o f  v a r i a n c e  m o d e l s  
c o n s t r u c t e d  f o r  t h i s  p u r p o s e  concluded h i g h ly  s i g n i f i c a n t  d i f f e r e n c e s  
among d i s t r i c t s .  What was p r e v i o u s ly  s u p p o r t e d  by  o n l y  i n t u i t i o n  was 
now r i g o r o u s l y  d e m o n s t r a t e d ;  t h e  management  d i s t r i c t s  w e re  h i g h l y  
d i s t i n c t  w i t h  r e s p e c t  t o  t i m i n g  b e h a v i o r s  i n  b o t h  e v e n - y e a r s  a n d  
odd-year s .
Even when t h e  o d d - y e a r  and t h e  even-year  da ta  were combined, the  
d i s t i n c t n e s s  b e t w e e n  management  d i s t r i c t s  was s t i l l  shown f o r  e a c h  
c a t e g o r y  o f  d a t a .  The t i m i n g  b e h a v i o r s  o f  t h e  d i s t r i c t s  r e a l l y  d id  
d i f f e r ,  and t h e y  d i f f e r e d  s u b s t a n t i a l l y  e n o u g h  t o  o v e r c o m e  t h e  
combina t ion of  even and odd p o p u l a t i o n s ,  which combina t ion we know t o  be 
b i o l o g i c a l l y  i n a p p r o p r i a t e .
I t  was n o t  i n t u i t i v e l y  obvious from i n s p e c t i o n  of  the  one s t a nda rd  
d e v i a t i o n  e r r o r  b a r s  about  the  average mean d a t e s  of  m ig r a t i o n  ( F i g s .  15 
t h r o u g h  18)  t h a t  s u c h  h i g h l y  s i g n i f i c a n t  d i f f e r e n c e s  e x i s t e d  among 
d i s t r i c t s  w i t h  r e s p e c t  t o  m ig ra to ry  be h a v io r  f o r  any c yc le  y e a r  and d a ta  
c a t e g o r y .  I t  was c o n c l u d e d  t h a t  a s im p l e  o n e - d i m e n s i o n a l  g r a p h i c  
a n a l y s i s  of  t h i s  type was inadequa te  f o r  d i s c e r n i n g  d i f f e r e n c e s  i n  t h e
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mean d a t e s  of  m ig r a t i o n  among management d i s t r i c t s .
The a n a l y s i s  o f  v a r i a n c e  p r o c e d u r e ,  o r  more a p p r o p r i a t e l y  t h e  
a n a l y s i s  of  v a r i a t i o n  abou t  means, on the  o t h e r  hand i s  a more v e r s a t i l e  
s t a t i s t i c a l  t o o l  f o r  s t u d y i n g  t h e  r e l a t i o n  b e tw e e n  t h e  means of  
p o p u l a t i o n s .  During th e  a n a l y s i s ,  the  t o t a l  v a r i a t i o n  p r e s e n t  i n  a s e t  
o f  da ta  i s  p a r t i t i o n e d  i n t o  s e v e r a l  components.  Assoc ia ted  w i t h  each of 
t h e s e  com ponen t s  i s  a s p e c i f i c  s o u r c e  o f  v a r i a t i o n ,  so t h a t  i t  i s  
p o s s i b l e  t o  a s c e r t a i n  t h e  m a g n i tu d e  o f  t h e  c o n t r i b u t i o n s  of  each of 
these  sources  to  the  t o t a l  v a r i a t i o n .  The n a tu r e  o f  t h i s  p a r t i t i o n i n g  
o f  t h e  t o t a l  v a r i a t i o n  i n t o  component  p a r t s  makes t h e  a n a l y s i s  o f  
v a r i a n c e  p rocedure  h i g h ly  a p p r o p r i a t e  t o  t h e  c o m p a r a t i v e  a n a l y s i s  o f  
m ig ra to ry  b e h a v io r  between y e a r s  and a c r o s s  h a r v e s t  a r e a s .
Given t h a t  the  t im ing  b e ha v io r  among d i s t r i c t s  was d i s t i n c t ,  t h e  
n e x t  l o g i c a l  q u e s t i o n s  t o  be add re s s e d  were those  o f  t h e  l i k e n e s s e s  and 
d i f f e r e n c e s  among the management d i s t r i c t s  i n  each c y c l e  y e a r  and d a t a  
c a t e g o r y .  N a t u r a l  c o r o l l a r i e s  t o  t h e s e  i s s u e s  were t h e  q u e s t io n s  o f  
e x i s t e n c e  o f  l i n e a r  combina t ions  o f  the  management d i s t r i c t s  which could 
b e  u s e d  a s  i n d i c e s  t o  p r e d i c t  t h e  t i m i n g s  o f  c a t c h e s  and spawning  
escapements on a sound-wide b a s i s .  A f i n a l  i s s u e  c o n c e r n e d  t h e  e x t e n t  
t o  w h ich  any  l i n e a r  combina t ion  of  d i s t r i c t s  could be used as  an index 
to  p r e d i c t  the  t im ings  of  c a tc h e s  and escapements  on a sound-wide b a s i s .
When e ven-cyc le  c a t c h  d a ta  were examined, a p r e l i m i n a r y  grouping of  
management d i s t r i c t s  on the  b a s i s  of  t h e  LSD p r o c e d u r e  i n d i c a t e d  t h a t  
D i s t r i c t s  3 ( C o g h i l l ) ,  4 ( N o r t h w e s t e r n ) ,  and  t o  some e x t e n t
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2 ( N o r th e rn ) ,  d i s p l a y e d  s i m i l a r  t im ing b e h a v io r .  F u r th e r  r e f i n e m e n t  by 
S c h e f f e ' s  a n a l y s i s  r e v e a l e d  t h a t  C o g h i l l  and  N o r t h w e s t e r n  D i s t r i c t s  
combined d i s p l a y e d  a h i g h l y  d i s t i n c t  t i m i n g  b e h a v i o r  when compared  t o  
the  o t h e r  management d i s t r i c t s  combined. A l e s s  d i s t i n c t  c o n c lu s io n  was 
o b t a i n e d  when N o r t h e r n  was a d d e d  t o  t h e  c o n t r a s t  w i t h  C o g h i l l  a n d  
N o r t h w e s t e r n .  From a h a r v e s t  c o n t r o l  p o i n t  of  view t h i s  outcome was 
i d e a l ,  s in c e  C ogh i l l  and Nor thwes te rn  D i s t r i c t s  were  t h e  e a r l i e s t  two 
management  d i s t r i c t s  based  on h i s t o r i c a l  mean d a te s  of  m ig r a t i o n .  When 
modeled by a m u l t i p l e  l i n e a r  r e g r e s s i o n  e q u a t i o n ,  t h e s e  two d i s t r i c t s  
w ere  shown t o  e x p l a i n  99.98% o f  the  t o t a l  v a r i a t i o n  i n  the  sound-wide 
t iming b e h a v io r .
C o n s i d e r i n g  o d d - c y c l e  c a t c h  d a t a ,  m u l t i p l e  c o m p a r i s o n  a n a l y s i s  
i d e n t i f i e d  an i n i t i a l  group o f  s i m i l a r  management d i s t r i c t s  c o n s i s t i n g  
o f  D i s t r i c t s  2 ( N o r th e r n ) ,  3 ( C o g h i l l ) ,  and 4 (N or thw es te rn ) .  S c h e f f e ' s  
a n a l y s i s  d e m o n s t r a t e d  t h a t  t h e  t i m i n g  b e h a v i o r  i n  t h i s  l i n e a r  
c o m b i n a t i o n  o f  d i s t r i c t s  was h i g h l y  d i s t i n c t  f rom t h a t  o f  the  o th e r  
r em a in ing  d i s t r i c t s  c o m b in e d .  M u l t i p l e  l i n e a r  r e g r e s s i o n  a n a l y s i s  
r e v e a le d  t h a t  t h es e  d i s t r i c t s  c o l l e c t i v e l y  e x p la in ed  95.95% of  the  t o t a l  
v a r i a t i o n  i n  the  sound-wide t im ing  b e h a v io r .  S ince  N o r t h e r n ,  C o g h i l l ,  
and N o r t h w e s t e r n  D i s t r i c t s  a r e  a l s o  t h e  e a r l i e s t  o f  a l l  management 
d i s t r i c t s  based  on h i s t o r i c a l  mean d a t e s  o f  m i g r a t i o n ,  t h e s e  r e s u l t s  
were  h i g h l y  d e s i r a b l e  i n  terms of  t h i s  l i n e a r  combinat ion s e rv ing  as  an 
index of  sound-wide t iming b e h a v io r .
The a n a l y s i s  o f  spawning  e s c a p e m e n t  d a t a  f o r  b o t h  c y c l e  y e a r s  
r e v e a l e d  e q u a l ly  e x c i t i n g  r e s u l t s .  The p a t t e r n  of  r e s u l t s  was s i m i l a r
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t o  t h a t  f o r  c a t c h  d a ta  where a su b s e t  o f  h i s t o r i c a l l y  e a r l y  d i s t r i c t s  
was i d e n t i f i e d  w h ic h  c o l l e c t i v e l y  e x p la in ed  a l a r g e  pe rcen tage  of  the  
t o t a l  v a r i a t i o n  i n  the  sound-wide t iming b e h a v io r .  For  each c y c l e  y e a r  
o f  spawning  e s c a p e m e n t ,  four  management d i s t r i c t s  were s e l e c t e d  on th e  
b a s i s  of  the  r e s u l t s  o f  m u l t i p l e  comparison a n a l y s i s ,  and on t h e  b a s i s  
of  the  r e l a t i v e  t im ings  among d i s t r i c t s  t o  t h e  o v e r a l l  sound-wide t iming 
b e h a v io r .
C o n s i d e r i n g  e v e n - y e a r  s p a w n i n g  e s c a p e m e n t  d a t a .  D i s t r i c t s  
1 ( E a s t e r n ) ,  2 ( N o r t h e r n ) ,  3 ( C o g h i l l ) ,  and 4 ( N o r t h w e s t e r n )  w e r e  
i d e n t i f i e d  f o r  t h i s  pu rpose .  S c h e f f e ' s  a n a l y s i s  t e s t e d  s e v e r a l  l i n e a r  
combinat ions of  t h e s e  f o u r  d i s t r i c t s ,  and t h e  a p p l i c a t i o n  o f  m u l t i p l e  
r e g r e s s i o n  a n a l y s i s  d e t e r m i n e d  t h e  b e s t  c o n t r a s t s  t o  be  u s e d  f o r  
p r e d i c t i v e  p u r p o s e s .  The s u b s e t  o f  d i s t r i c t s  c o n s i s t i n g  o f  E a s t e r n ,  
N o r t h e r n ,  and C o g h i l l  appear s  t o  be the  b e s t  l i n e a r  combinat ion t o  use 
as  an index o f  sound-wide t iming  b e h a v io r .
The m o s t  e x c i t i n g  r e s u l t s  were o b t a in e d  when odd-cyc le  escapement  
da ta  were examined. N e a r l y  a l l  o f  t h e  management  d i s t r i c t s  i n  t h i s  
c y c l e  y e a r  a r e  h i g h l y  c o r r e l a t e d  w i t h  t h e  sound-wide t iming b e h a v io r .  
Not  s u p r i s i n g l y ,  a v a r i e t y  o f  l i n e a r  c o m b i n a t i o n s  o f  D i s t r i c t s  
1 ( E a s t e r n ) ,  2 ( N o r t h e r n ) ,  3 ( C o g h i l l ) ,  a n d  8 ( S o u t h e a s t e r n )  
demons tra ted  s i g n i f i c a n t  p r e d i c t i v e  p o t e n t i a l  g i v i n g  t h e  management  
a u t h o r i t y  g r e a t e r  f l e x i b i l i t y  i n  choosing any one l i n e a r  combinat ion to  
u s e .  I t  appears  t h a t  the  b e s t  l i n e a r  c o n t r a s t  c o n s i s t e d  o f  E a s t e r n ,  
N o r t h e r n ,  and C o g h i l l  w h ic h  c o l l e c t i v e l y  accoun ted f o r  98.28% of  the  
t o t a l  v a r i a t i o n  i n  the  sound-wide t iming  b e h a v io r .
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The u s e  o f  m u l t i p l e  r e g r e s s i o n  a n a l y s i s  p r o v e d  u s e f u l  i n  t h e  
c o n te x t  of  t h i s  s tudy  i n  t h a t  t h e  p r e d i c t i v e  models no t  only exp la ined  a 
s i g n i f i c a n t  p o r t i o n  of  the t o t a l  v a r i a t i o n  i n  t h e  response  v a r i a b l e  Yj ,  
they  did so on the  b a s i s  o f  a s u b s e t ,  o r  l i n e a r  c o m b i n a t i o n ,  o f  t h e  
e i g h t  indepe nde n t  v a r i a b l e s  ( d i s t r i c t s ) .  I n  o r d e r  t o  produce e s t i m a t e s  
on t h e  o v e r a l l  s o u n d - w id e  m e a n  d a t e  o f  m i g r a t i o n ,  t h e r e f o r e ,  a 
s i g n i f i c a n t l y  r e d u c e d  amount o f  h a r v e s t  i n fo r m a t io n  i s  r e q u i r e d  t o  f i t  
t he  model.  Since t h es e  models a r e  p r i m a r i l y  in te nde d  to  be u s e d  w i t h i n  
a h a r v e s t  c o n t r o l  system d e l i v e r i n g  i n t r a s e a s o n  e s t i m a t e s  o f  the t iming 
of  the  f i s h e r y ,  the  l a t t e r  i s  a h i g h ly  d e s i r a b l e  outcome.
A p p l i c a t i o n  o f  t h e s e  p r e d i c t i v e  models i n  an i n t r a s e a s o n  h a r v e s t  
c o n t r o l  system r e q u i r e s  t im ely  e s t i m a t e s  of  the  mean d a te s  of  m i g r a t i o n  
f o r  t h o s e  management  d i s t r i c t s  f i t t e d  by the  l i n e a r  equ a t io n .  Bar th  
(1984) demons tra ted  the  u t i l i t y  of  a two p a ram ete r  l i n e a r  model  f o r  t h e  
p u r p o s e s  o f  an  i n t r a s e a s o n  y i e l d  f o r e c a s t i n g  s y s t e m  f o r  commercial  
marine f i s h e r i e s .  I t  i s  a n t i c i p a t e d  by t h i s  a u t h o r  t h a t  a s i m i l a r  
f o r e c a s t i n g  techn ique  w i l l  produce  r e l i a b l e  i n t r a s e a s o n  e s t i m a t e s  of  the  
mean d a t e s  o f  m ig r a t i o n  f o r  any management d i s t r i c t .
I f  s u c h  e s t i m a t e s  c a n  be r e a l i z e d  i n  a t im e ly  f a s h io n ,  a r e l i a b l e  
sound-wide e s t im a te  of  the mean d a t e  of  m ig r a t i o n  c a n  be d e t e r m i n e d  by 
f i t t i n g  t h e  p r e d i c t i v e  m u l t i p l e  l i n e a r  r e g r e s s i o n  equa t ions  de f ined  
above. P r e d i c t i o n  o r  c o n f i d e n c e  i n t e r v a l s  on t h e  e s t i m a t e s  o f  t h e  
s ound -w ide  mean da te  of  m ig r a t i o n  can a l s o  be determined us in g  s t a n d a rd  
r e g r e s s i o n  methodology.
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The d i f f e r e n c e  between th e  e s t i m a t e  o f  the  o v e r a l l  sonnd-wide mean 
d a te  of m ig r a t i o n  and the  mean d a te  o f  the  average h i s t o r i c a l  sonnd-wide 
e m p i r i c a l  t im e  d e n s i t y  f u n c t i o n ,  would p rov ide  the  h a r v e s t  manager an 
i n d i c a t i o n  o f  whether  the  m i g r a t i o n  was e a r l y  o r  l a t e .  The m a g n i t u d e  
and d i r e c t i o n  o f  t h e  d i f f e r e n c e  can be employed as  a l o c a t i o n  o r  s h i f t  
pa ram ete r  f o r  r e c o n c i l i n g  th e  h i s t o r i c a l  e m p i r ic a l  time d e n s i t y  f u n c t i o n  
t o  t h e  c u r r e n t  p a t t e r n  o f  incoming m i g r a t i o n  i n  the  manner of  Mundy and 
Mathisen (1981) .  The p o t e n t i a l  b e n e f i t  of  t h i s  p rocedure  i s  a r e d u c t i o n  
i n  t h e  e r r o r  o f  t h e  y i e l d  e s t im a te  d e r iv e d  from t h e  a p p l i c a t i o n  o f  the  
ave rage  h i s t o r i c a l  t im e  d e n s i t i e s .  E s t i m a t e s  o f  t h e  mean d a t e s  o f  
m ig r a t i o n  f o r  the  i n d i v i d u a l  d i s t r i c t s  can s i m i l a r l y  be employed f o r  the  
purposes  of  producing y i e l d  e s t i m a t e s  on a management d i s t r i c t  l e v e l .
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The Unbiased,  C o n s i s t e n t  E s t im a to r  of  M ig ra to ry  Behavior
The c h a r a c t e r i z a t i o n  o f  a n  a n n u a l  m i g r a t i o n  i n  t e r m s  o f  a n  
e m p i r i c a l  p r o b a b i l i t y  d e n s i t y  f u n c t i o n  i n  t h e  t im e  domain  i s  a 
r e l a t i v e l y  r e c e n t  d e v e l o p m e n t  i n  f i s h e r i e s  s c i e n c e .  S e v e r a l  
a p p l i c a t i o n s  o f  t h e  m i g r a t o r y  t i m i n g  c o n c e p t  t o  c o m m e rc i a l  m a r in e  
f i s h e r i e s  (Babcock  1983 ;  P a u l a  1983;  H i l l  1984)  h a v e  a t t e m p t e d  t o  
compare m ig ra to ry  b e h a v io r  between y e a r s  and h a r v e s t  a r e a s  on t h e  b a s i s  
o f  m ig ra to ry  t ime d e n s i t i e s .
To d e t e r m i n e  i f  brown sh r im p  (Panaeus a z t e c u s ) were r e c r u i t e d  t o  
t h e  commerc ial  f i s h e r y  i n  a d i s c r e t e  or  con t inuons  manner ,  Pau la  (1983) 
compared the  means of  the  t ime d e n s i t i e s  by c a l c u l a t i n g  99% c o n f i d e n c e  
i n t e r v a l s  on t h e  mean d a t e s  o f  m i g r a t i o n  f o r  e a c h  s i z e  c l a s s  and by 
employing a B on fe r ron i  c o r r e c t i o n  t o  gua ran tee  an o v e r a l l  s i g n i f i c a n c e  
l e v e l  a  f o r  a l l  i n t e r v a l s .  A l l  o t h e r  comparisons of  m ig ra to ry  behav io r  
by B a b c o c k ,  P a u l a ,  and H i l l  w e re  b a s e d  on a t e s t  t h a t  c o n s id e r s  the  
' c l o s e n e s s '  o f  f i t  b e t w e e n  t h e  e m p i r i c a l  d i s t r i b u t i o n  f u n c t i o n s  
t h e m s e l v e s ,  the  Kolmogorov-Smirnov goodness o f  f i t  t e s t  (Hogg and Tanis  
1977) .
While  t h e  p r o c e d u r e s  o f  a p p l y i n g  t h i s  t e s t  t o  t h e  da ta  were not  
v i o l a t e d  by th es e  a u t h o r s ,  t h e  u s e  o f  t h e  K o lm ogorov -S m irnov  t e s t  i s  
i n a p p r o p r i a t e  f o r  comparing m ig r a to r y  behav io r  s imply because o f  the  way 
i n  w h ic h  t h e  random v a r i a b l e  o f  t h e  d e n s i t y  f u n c t i o n  i s  d e f i n e d .  
R e c a l l ,  t h e  random v a r i a b l e  t j  i s  d e f i n e d  accord ing  t o  the  number of
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i n d i v i d u a l s  n^ w h i c h  a r r i v e  i n ,  o r  which a r e  h a r v e s t e d  by the  f i s h e r y ,  
on the i - t h  t ime i n t e r v a l .  S t r i c t l y  speak ing ,  the sample  s i z e  ' n '  f o r  
a n  a n n u a l  m i g r a t i o n  i s  t h e  t o t a l  number of  i n d i v i d u a l s  which have been 
h a r v e s t e d  ( t o t a l  c a tc h )  or  which have m i g r a t e d  t h r o u g h  t h e  g e o g r a p h i c  
r e f e r e n c e  frame of  the  f i s h e r y  ( t o t a l  abundance)  du r ing  th e  e n t i r e  y e a r .  
I n  most  commercial  m a r i n e  f i s h e r i e s ,  t h e  ' t i m e  d e n s i t y '  sample  s i z e  
r a n g e s  f rom h u n d r e d s  o f  thousands  t o  t e n s  o f  m i l l i o n s .  By app ly ing an 
' n '  of  t h i s  magni tude t o  the Kolmogorov-Smirnov g o o d n e s s  o f  f i t  t e s t ,  
t h e  a n a l y s i s  b e c o m e s  h i g h l y  o v e r - s e n s i t i v e  t o  ev e n  t h e  s l i g h t e s t  
d i f f e r e n c e  b e t w e e n  t h e  d e n s i t y  f u n c t i o n s  b e i n g  c o m p a r e d .  A l m o s t  
i n v a r i a b l y ,  c o n c l u s i o n s  o f  s i g n i f i c a n t  d i f f e r e n c e s  r e s u l t  w i th  such 
f r e q u e n c y  t h a t  i t  i s  i n c o n s i s t e n t  w i t h  t h e  g e n e t i c  h e r i t a b i l i t y  o f  
m ig r a to r y  t im in g .
H i l l  (1984) ,  a t t em pted  t o  c o r r e c t  f o r  the  l a r g e  sample s i z e  problem 
i n  an  a n a l y s i s  o f  a w eakf i sh  ( Cvnoscion r e g a l i s ) f i s h e r y  by exp res s ing  
' n '  a s  a f u n c t i o n  o f  e f f o r t .  W h i le  t h i s  p r o c e d u r e  p r o d u c e d  more 
r e a s o n a b le  e s t i m a t e s  o f  ' n ' ,  on the  o r d e r  of  a few h u n d r e d ,  i t  d i d  n o t  
a d e q u a t e l y  a d d r e s s  t h e  p r o b l e m  o f  o v e r - s e n s i t i v i t y  o f  t h e  t e s t  
s t a t i s t i c .  I n  e a c h  o f  h i s  c o m p a r i s o n s  H i l l  c o n c l u d e d  s i g n i f i c a n t  
d i f f e r e n c e s  b e t w e e n  each  annua l  t ime d e n s i t y  and a l l  o th e r  annual  t ime 
d e n s i t i e s .
To p l a c e  t h i s  i n  p e r s p e c t i v e ,  one must c o n s id e r  t h a t  a f i s h e r y  i s  a 
human a c t i v i t y  (Royce 1983) ,  and t h a t  a b i o t i c  f a c t o r s  as  w e l l  as methods 
o f  d a t a  c o l l e c t i o n  c a n  m o d u l a t e  the  e x p re s s io n  o f  m ig ra to ry  b e h a v io r .  
The t ime d e n s i t y  f u n c t i o n ,  a s  a c o n s e q u e n c e ,  r e p r e s e n t s  t h e  combined
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b e h a v io r  n o t  only of  the  t a r g e t  s p e c i e s ,  b u t  a l s o  t h a t  o f  t h e  h a r v e s t  
comm unity ,  as w e l l  as  c l i m a t i c  e v e n t s .  Indeed,  i t  may be imposs ib le  to  
d i s t i n g u i s h  between the  v a r i o u s  b i o l o g i c ,  s o c i o l o g i c ,  and e n v i r o n m e n t a l  
f a c t o r s  t h a t  a r e  expressed  on each t ime increment  of  t h e  t ime d e n s i t y .
I f  i t  i s  the  i n t e n t  t o  o b j e c t i v e l y  compare m i g r a t o r y  b e h a v i o r ,  i t  
i s  i l l - a d v i s e d  t o  do so by  s u c h  a c l o s e  s c r u t i n i z a t i o n  of  e m p i r i c a l  
d i s t r i b u t i o n  f u n c t i o n s  which have been  c o n s t r u c t e d  f rom d a t a  t h a t  have  
a n  i n h e r e n t  v a r i a n c e .  E r r o n e o u s  c o n c l u s i o n s  c a n  be drawn f rom  a 
homogenei ty  t e s t  o f  m ig ra to ry  t ime d e n s i t y  f u n c t i o n s ,  e s p e c i a l l y  when 
t h a t  t e s t  h a s  b e e n  a p p l i e d  u n d e r  t h e  s t r i c t  i n t e r p r e t a t i o n  o f  t h e  
d e f i n i t i o n  of  m i g r a t o r y  t i m i n g .  A l t e r n a t e  p r o c e d u r e s  s u i t a b l e  t o  a 
r i g o r o u s  c o m p a r i s o n  o f  m i g r a t o r y  b e h a v i o r  a c r o s s  t im e  and s p a c e ,  
c o n seque n t ly ,  had t o  be i d e n t i f i e d  and e v a lu a te d .
The d e t e r m i n a t i o n  o f  t h e  m os t  r e p r e s e n t a t i v e  c h a r a c t e r i s t i c  or  
e s t i m a t o r  of  m ig r a to r y  b e h a v io r  was a p r e r e q u i s i t e  t o  the  r e a l i z a t i o n  of  
t h e  o b j e c t i v e s  of  t h i s  s tu d y .  Such an e s t i m a t o r  would be unb iased ,  and 
c o n s i s t e n t .  To be of  most b e n e f i t  t o  a h a r v e s t  manager,  i t  s h o u l d  a l s o  
be  e a s i l y  e s t i m a b l e  and  r e a d i l y  unde rs tood .  The c o n s i s t e n t ,  unb iased  
e s t i m a t o r  of  m i g r a t o r y  b e h a v i o r  i s ,  i n  f a c t ,  t h e  m e a s u r e  o f  c e n t r a l  
tendency (mean da te )  o f  the  t ime d e n s i t y ,  t .
An unb iase d ,  c o n s i s t e n t  e s t i m a t o r  of  a pa ra m e te r ,  i n  a s t a t i s t i c a l  
s e n s e ,  i s  one whose m athemat ica l  e x p e c t a t i o n  equa ls  the  pa ra m e te r ,  and 
whose v a r i a n c e  c o n v e r g e s  t o  some v a l u e  ( z e r o )  a s  t h e  s a m p l e  s i z e  
a p p r o a c h e s  i n f i n i t y  (Hogg and  Tanis  1977) .  To show t h a t  t  i s  such an
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e s t im a to r  of m ig ra to ry  b e h a v i o r ,  l e t  f ( t )  be  t h e  a c t u a l  t im e  d e n s i t y
w i t h i n  t h e  f i s h e r y  s u c h  t h a t ,  a / ^ f ( t )  i s  t h e  p r o p o r t i o n  o f  t o t a l
abundance s u c c e p t ib le  t o  h a r v e s t  betw een any  two d a t e s  a , b .  From th e
' s a m p l i n g *  o f  f ( t )  by  t h e  f i s h e r y ,  t h e r e f o r e ,  we c a n  g e n e r a t e  an
A
e m p i r i c a l  d i s t r i b u t i o n  f u n c t io n  o f  c a tc h ,  and an e s t im a te ,  t  (E qua tion  
3 ) ,  o f  th e  p a ra m e tr ic  mean d a te  o f  the  m ig r a t io n  p ,̂ w here.
- J
+»
t  f ( t )  d t ( 20)
A
The d i f f i c u l t y  w i t h  a r g u i n g  t h a t  t  i s  an  u n b i a s e d ,  c o n s i s t e n t  
e s t i m a t o r  o f  p,p, i s  tw ofo ld ;  ( 1) th e  form o f  th e  d e n s i ty  fu n c t io n  f ( t )  
i s  unknown, and  ( 2 ) we a r e  e s t i m a t i n g  t h e  m ean  o f  a c o n t i n u o u s  
d i s t r i b u t i o n  by a d i s c r e t e  p r o c e s s ,  f i s h i n g .  I f  we assume a p a r t i c u l a r  
form f o r  th e  m ig ra to ry  time d e n s i t y  o f  t o t a l  abundance  f ( t )  ( n o r m a l ,
A
l o g i s t i c ,  e t c . ) ,  i t  c o u ld  b e  shown t h a t  t  i s  no t  on ly  th e  c o n s i s t e n t ,  
u n b i a s e d  e s t i m a t o r  o f  p ^ ,  b u t  i t  i s  a l s o  t h e  maximum l i k e l i h o o d  
e s t i m a t o r  o f  p^,. S i n c e ,  i n  p r a c t i c e ,  f ( t )  i s  n e v e r  k n o w n ,  a 
r e d e f i n i t i o n  o f  the  d i s t r i b u t i o n  f u n c t i o n  f ( t )  i s  n e c e s s a r y  t o  p e r m i t
A
th e  development o f  t  as  th e  c o n s i s t e n t ,  unb iased  e s t im a to r  o f  p^,.
L e t  f ( t )  b e  th e  a c t u a l  t im e  d e n s i t y  w i t h i n  t h e  f i s h e r y  w hich  
d e s c r ib e s  the  d i s t r i b u t i o n  o f  p r o b a b i l i t y  a s s o c ia te d  w i th  the  space R o f  
t h e  ra n d o m  v a r i a b l e  T ,  t i m e .  We c a n  ch o o se  a m a g n i tu d e  f o r  t h e  
in c r e m e n t  i n  t h e  t im e  dom ain  su c h  t h a t ,  t h e  abundance  a v a i l a b l e  
w i t h i n  any one t im e  in c r e m e n t  t j ,  i  = 1 , . . . ,  k  can be r e p r e s e n te d  by
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some c o n s t a n t ,  average abundance, Nt . I f  f ( t )  i s  observed  a t  each of k 
d i s t i n c t  p o i n t s ,  t j ,  . . . ,  t k , so t h a t  f ( t ^ ) ,  . . . ,  f ( t k ) a re  com plete ly  
known, th en
k
t k = J  t i f U i )  (21)
i= l
a n d ,  E ( t k ) = i f  k  s p a n s  t h e  e n t i r e  space o f  th e  random v a r i a b le  T. 
Being 'co m p le te ly  known' i s  analogous t o  a 100% e x p l o i t a t i o n  r a t e  w h ic h  
r e q u i r e s  e v e r y  a v a i l a b l e  f i s h  on tim e increm ent t ^  t o  be h a rv e s te d  by 
t h e  f i s h e r y .  Over t h e  c o u r s e  o f  th e  season , t h e r e f o r e ,  c a tc h  (n^) on 
t im e  in c re m e n t  t ^  equa ls  abundance (N^) on time increm ent t ^ ,  and t o t a l  
c a t c h  ( n )  e q u a l s  t o t a l  a b u n d a n c e  (N) w hen t ^  = t k . V hen t h e  
d i s t r i b u t i o n  f u n c t io n  of t o t a l  abundance, f ( t )  d e f in e d  i n  t h i s  manner i s  
s a m p le d ,  w hat i s  t h e  c o n s i s t e n t ,  un b iased  e s t im a to r  of th e  p a ra m e tr ic  
mean (i^?
Suppose  t h a t  on e a c h  o f  k d i s t i n c t  p o i n t s ,  t h e  d i s t r i b u t i o n  of 
A
c a t c h ,  d e f i n e d  by f ( t ± ) ,  m ea su res  th e  d i s t r i b u t i o n  of t o t a l  abundance 
w i t h  a c o r r e s p o n d in g  d i s t r i b u t i o n  o f  e r r o r ,  8£, whose e le m e n ts  a re  
i n d e p e n d e n t  ( 0 , o 2 ) .  The d i s t r i b u t i o n  o f  c a t c h  on tim e increment t^  
would be :
f ( t i >  = f ( t i )  + S i (22)
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The mean d a te  of m i g r a t i o n  b a s e d  on th e  c a t c h  d i s t r i b u t i o n  w ould  be  
re p re s e n te d  by:
t k  = J  t i  f U j )  = t k + J  (23)
i= l
whose v a r ia n c e  i s :
mus
V ( t k ) =  ^  t | o a =  o 2 ( J  t | )  (24)
A A
F o r  t k  t o  be an  u n b ia se d  e s t im a to r  o f  th e  expected  v a lu e  o f  t k
A
t  e q u a l  pT « S in c e  £ ( $ * )  = 0 ,  i t  f o l l o w s  t h a t  E ( t k ) = pT » which
im p lie s  t h a t  th e  mean o f  th e  sample d i s t r i b u t i o n  o f  c a tc h  i s  an  unb iased
A
e s t i m a t o r  o f  t h e  p a r a m e t r i c  mean d a t e  o f  m i g r a t i o n .  For t k to  be a
A
c o n s i s t e n t  e s t im a to r  o f  p^,, V (t)  must -----> 0 as n ------> ®. The v a r ia n c e
-  a Ao f  t k w i l l  equal z e ro  i f  and on ly  i f  a = 0 ,  so t h a t  f ( t j )  = f ( t £ ) .  As
A
t h e  sam p le  s i z e ,  n  approaches  i n f i n i t y ,  f ( t j )  i  = l , . . . k  a re  com ple te ly  
A
known, and f ( t ^ )  = f ( t ^ ) .  The mean of th e  sample d i s t r i b u t i o n  of c a tc h ,  
t h e r e f o r e ,  i s  a l s o  a c o n s i s t e n t  e s t im a to r  o f  the  p a ra m e tr ic  mean da te  o f  
m ig ra t io n .
The mean d a t e  o f  m ig r a t i o n ,  c o n se q u e n t ly ,  i s  a r e l i a b l e  e s t im a to r  
of m ig ra to ry  b e h a v io r .  I n  a d d i t i o n  t o  i t s  h ig h ly  d e s i r a b le  unb iased  and 
c o n s i s t e n t  p r o p e r t i e s ,  i t  i s  e x t r e m e l y  r e s i s t e n t  t o  f a c t o r s  w h ic h  
c o n t r ib u te  v a r i a b i l i t y  to  th e  b a s i s  e x p r e s s i o n  o f  m i g r a t o r y  b e h a v i o r .  
I t  a l s o  b e n e f i t s  from be ing  e a s i l y  e s t im a b le  and r e a d i ly  u n d e rs tood .
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To be s u i t a b l e  a s  t h e  b a s i s  f o e  a c o m p a r a t iv e  a n a l y s i s  b e tw e e n  
y e a r s  a s  w e l l  a s  h a r v e s t  a r e a s ,  th e  mean of th e  time d e n s i ty  f u n c t io n  
m ust a ls o  be a c o n s i s t e n t  e s t im a to r  o f  in te r a n n n a l  m ig r a t o r y  b e h a v i o r .  
S in c e  i n  t h e  case  o f  m aturing  sa lm onids  m ig ra to ry  tim ing i s  g e n e t i c a l l y  
t r a n s m i t t e d  (see  L e g g e tt  1977; Mundy 1979, 1982), th e  time of a r r i v a l  in  
t h e  f i s h e r y  o f  th e  members o f  a m i g r a t o r y  s t o c k  i s  c o n s e r v e d  a c r o s s  
g e n e r a t i o n s ,  a b s e n t  a b i o t i c  i n f l u e n c e s .  I f  th e  mean d a te  o f  m ig ra t io n  
i n  y e a r  ' i ' ,  i  = 1 t o  y ,  i s  r e p r e s e n te d  by t j ,  t h i s  premise i s  analogous 
t o  t h e  s t a t e m e n t :  E ( t i >  = E ( t 2 ) = . . .  = E f t ^ ) , f o r  a f ix e d  geographic  
r e f e r e n c e  fram e.
The c o n s i s t e n t ,  unb iased  p r o p e r t i e s  o f  the  e s t im a to r  t ,  as w e l l  as 
i t s  c o n se rv a t iv e  b eh av io r  a c ro s s  g e n e ra t io n s  makes i t s  u se  w e l l  s u i t e d  
t o  many s t a t i s t i c a l  methods. The mean d a te  of m ig ra t io n  i s  a p p r o p r i a t e ,  
t h e r e f o r e ,  to  se rve  as  the  b a s i s  f o r  a c o m p a r a t i v e  a n a l y s i s  o f  t im in g  
b e h a v io r  ac ro s s  s p a t i a l  a s  w e l l  as  tem poral  d im ensions.




F i s h e r i e s  m a n a g e m e n t  i s  a p p r o p r i a t e l y  d i r e c t e d  t o w a r d  t h e  
a c h ie v e m e n t  o f  r a t i o n a l  u t i l i z a t i o n  of th e  r e s o u r c e .  Since f i s h e r i e s  
in v a r i a b ly  r e p r e s e n t  complex, dynamic systems of i n t e r a c t i n g  components, 
m a th e m a t ic a l  modeling i s  used t o  exp ress  th ese  i n t e r a c t i o n s  i n  terms of 
i d e n t i f i a b l e ,  f u n c t i o n a l  r e l a t i o n s h i p s .  The v e r y  n a t u r e  o f  t h e  
r e g u a l t o r y  c o m p le x i t ie s  imposed on th e  P r in c e  W illiam  Sound p in k  salmon 
f i s h e r i e s  l e n t  i t s e l f  t o  such an approach .
Severa l  p r i n c i p a l  co n c lu s io n s  can  be drawn from the  r e s u l t s  o f  t h i s  
r e s e a rc h ;
1 .  M ig r a to r y  t im in g  a s  a q u a n t i t a t i v e  d e s c r i p t i o n  o f  m ig ra to ry
behav io r  can , in  f a c t ,  be r ig o r o u s ly  compared a c ro s s  y e a rs  and a r e a s .
2 .  The mean d a te  of m ig ra t io n  as a c o n s i s t e n t ,  unb iased  e s t im a to r
of m ig ra to ry  b e h a v io r ,  can se rv e  as the  b a s i s  f o r  a com parative a n a ly s i s  
o f  e m p ir ica l  time d e n s i t i e s .
3 .  Many c l a s s i c a l  s t a t i s t i c a l  m odels  a r e  e x t r e m e l y  ro b u s t  f o r  
de te rm in ing  d i f f e r e n c e s  in  m ig ra to ry  b eh av io r  be tw een  y e a r s  and  a c r o s s  
h a r v e s t  a r e a s  w hen  t h e  m e a s u r e s  o f  c e n t r a l  te n d e n c y  o f  t h e  t im e  
d e n s i t i e s  a re  employed as v a r i a b l e s  i n  th e  m odels.
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4. The r e s u l t s  o f  th e  a n a ly s i s  o f  the  even and odd c y c le s  o f  p i n k  
sa lm on  a r e  c o n s i s t e n t  w i t h  t h e  g e n e t ic  d i s t i n c t n e s s  between th e s e  two 
p o p u la t io n s ,  and w i t h  t h e  h y p o t h e s i s  o f  th e  g e n e t i c  h e r i t a b i l i t y  o f  
m ig ra to ry  t im ing ,
5 .  The dynam ic s t a t i s t i c a l  system o f  a n a ly s i s  i d e n t i f i e d  by t h i s  
r e s e a r c h  i s  h i g h l y  a p p r o p r i a t e  f o r  q u a n t i t a t i v e l y  d e s c r i b i n g  t h e  
f u n c t i o n a l  r e l a t i o n s h i p s  b e tw e e n  t im in g  b e h a v io rs  a c ro s s  s p a t i a l  and 
tem poral d im ensions. I t  i s  a n t i c i p a t e d  t h a t  t h i s  system w i l l  se rve  as  a 
d e s i g n  s t a n d a r d  f o r  t h e  c o m p a r iso n  o f  m ig ra to ry  b e h a v io r ,  and t h a t  i t  
w i l l  be a p p l i c a b le  to  the  n e e d s  o f  h a r v e s t  c o n t r o l  f o r  any  m i g r a t o r y  
organism.
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Figure 1. Eastern District, even-year cycle. Average cumulative



























F i g u r e  2 .  E a s t e r n  D i s t r i c t ,  e v e n - y e a r  c y c l e .  A v e ra g e  c u m u l a t i v e  
p r o p o r t io n  o f  p in k  salmon CFDE, and th e  u p p e r  and lo w e r  bound  f o r  i t s  
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Figure 3. Northern District, even-year cycle. Average cumulative


























F i g u r e  4 .  N o r t h e r n  D i s t r i c t ,  e v e n - y e a r  c y c l e .  A v e ra g e  c u m u la t iv e  
p r o p o r t io n  o f  p in k  salmon CPDE, and th e  u p p e r  and lo w e r  bound  f o r  i t s  
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Figure 5. Coghill District, even-year cycle. Average cumulative
























F i g u r e  6 .  C o g h i l l  D i s t r i c t ,  e v e n - y e a r  c y c l e .  A v e ra g e  c u m u l a t i v e  
p r o p o r t io n  o f  p in k  salmon CFUE. and th e  u p p e r  and lo w e r  bound f o r  i t s  
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Figure 7. Northwestern Districts even-year cycle. Average cumulative




























F i g u r e  8 . N o r t h w e s te r n  D i s t r i c t s  e v e n -y e a r  c y c l e .  Average cu m u la tiv e  
p r o p o r t i o n  o f  p in k  salmon CPUE. and th e  u p p e r  and lo w e r  bound f o r  i t s  
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Figure 9. Southwestern Districts even-year cycle. Average cumulative











F i g u r e  1 0 .  Sou thw este rn  D i s t r i c t *  e v e n -y e a r  c y c l e .  Average cum ula tive  
p r o p o r t i o n  o f  p in k  salmon CPUE* and th e  u p p e r  and lo w e r  bound  f o r  i t s  
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Figure 11. Southeastern District, even-year cycle. Average cumulative
proportion of pink salmon catch. Construction of a 95% confidence

























F i g u r e  1 2 .  S o u th e a s te rn  D i s t r i c t ,  e v e n -y e a r  c y c l e .  Average cu m u la tiv e  
p r o p o r t i o n  o f  p i n k  sa lm o n  CPUE. C o n s t r u c t i o n  o f  a 95% c o n f i d e n c e  
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Figure 13. Eastern District, odd-year cycle. Average cumulative




















F i g u r e  1 4 .  E a s t e r n  D i s t r i c t ,  o d d - y e a r  c y c l e .  A v e ra g e  c u m u l a t i v e  
p r o p o r t io n  o f  p in k  salmon CPUE. and th e  u p p e r  and  lo w e r  bound  f o r  i t s  
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Figure 15. Northern District, odd-year cycle. Average cumulative

























F i g u r e  1 6 .  N o r t h e r n  D i s t r i c t ,  o d d - y e a r  c y c l e .  A v e ra g e  c u m u la t iv e  
p r o p o r t io n  o f  p in k  salmon CPUE* and th e  u p p e r  and  lo w e r  bound  f o r  i t s  
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Figure 17. Coghill District, odd-year cycle. Average cumulative
























F i g u r e  1 8 .  C o g h i l l  D i s t r i c t ,  o d d - y e a r  c y c l e .  A v e ra g e  c u m u l a t i v e  
p r o p o r t io n  o f  p in k  salmon CPDE. and th e  u p p e r  and  lo w e r  bound f o r  i t s  
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Figure 19. Northwestern District* odd-year cycle. Average cumulative























F i g u r e  2 0 .  N o r th w e s te r n  D i s t r i c t *  od d -y ea r  c y c l e .  Average cum ula tive  
p r o p o r t io n  o f  p in k  salmon CFUE* and th e  u p p e r  and lo w er  bound  f o r  i t s  
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Figure 21. Southwestern District, odd-year cycle. Average cumulative





















F i g u r e  2 2 .  S o u th w e s te rn  D i s t r i c t ,  o d d -y ea r  c y c l e .  Average c u m u la t iv e  
p r o p o r t io n  o f  p in k  salmon CPDE. and th e  u p p e r  and lo w e r  bound f o r  i t s  
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Figure 23. Montague District, odd-year cycle. Average cumulative























F i g u r e  2 4 .  M ontague D i s t r i c t ,  o d d - y e a r  c y c l e .  A v e ra g e  c u m u la t iv e  
p r o p o r t io n  o f  p in k  salmon CPDE, and th e  u p p e r  and lo w e r  bound  f o r  i t s  
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Figure 25. Southeastern District» odd-year cycle. Average cumulative























F i g u r e  2 6 .  S o u t h e a s t e r n  D i s t r i c t ,  o d d -y e a r  c y c l e .  Average c u m u la t iv e  
p r o p o r t i o n  o f  p in k  salmon CPUE* and th e  u p p e r  and lo w e r  bound f o r  i t s  
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Figure 27. Eastern District* even-year cycle. Average cumulative
proportion of pink salmon escapement* and the upper and lower bound for






















F i g u r e  2 8 .  E a s t e r n  D i s t r i c t ,  o d d - y e a r  c y c l e .  A v e ra g e  c u m u l a t i v e  
p r o p o r t io n  o f  p in k  salmon escapement* and th e  upper  and lower bound f o r  
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Figure 29. Northern District* even-year cycle. Average cumulative
proportion of pink salmon escapement* and the upper and lower bound for




























F i g u r e  3 0 .  N o r t h e r n  D i s t r i c t ,  o d d - y e a r  c y c l e .  A v e ra g e  c u m u la t iv e  
p r o p o r t i o n  o f  p in k  salmon escapement* and th e  upper and lower bound f o r  
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Figure 31. Coghill District* even-year cycle. Average cumulative
proportion of pink salmon escapement* and the upper and lower bound for
























F i g u r e  3 2 .  C o g h i l l  D i s t r i c t ,  o d d - y e a r  c y c l e .  A v e ra g e  c u m u l a t i v e  
p r o p o r t i o n  o f  p in k  salmon escapement* and th e  upper  and lower bound  f o r  
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Figure 33. Northwestern District* even-year cycle. Average cumulative
proportion of pink salmon escapement* and the upper and lower bound for


























F i g u r e  3 4 .  N o r th w e s te r n  D i s t r i c t *  o d d -y ea r  c y c l e .  Average cu m u la tiv e  
p r o p o r t io n  o f  p in k  salmon escapement* and th e  upper and lower bound f o r  
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Figure 35. Eshamy District, even-year cycle. Average cumulative
proportion of pink salmon escapement, and the upper and lower bound for
























F i g u r e  3 6 .  E sham y D i s t r i c t ,  o d d - y e a r  c y c l e .  A v e ra g e  c u m u la t iv e  
p r o p o r t io n  o f p in k  salmon escap em en t. C o n s tru c t io n  o f  a 95% c o n f id e n c e  
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Figure 37. Southwestern District* even-year cycle. Average cumulative
proportion of pink salmon escapement* and the upper and lower bound for




























F ig u re  3 8 .  S o u th w e s te rn  D i s t r i c t *  o d d -y ea r  c y c le .  Average cu m u la tiv e  
p ro p o r t io n  o f  p in k  salm on escapem ent* and th e  upper and low er bound f o r  
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Figure 39. Montague District, even-year cycle. Average cumulative
proportion of pink salmon escapement* and the upper and lower bound for





















F ig u r e  4 0 .  M ontague D i s t r i c t ,  o d d - y e a r  c y c l e .  A v e ra g e  c u m u la tiv e  
p r o p o r t io n  o f  p in k  salm on escapem en t, and th e  upper and low er bound  f o r  
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Figure 41 . Southeastern District, even-year cycle. Average cumulative
proportion of pink salmon escapement, and the upper and lower bound for



























F ig u r e  4 2 .  S o u th e a s te r n  D i s t r i c t ,  o d d -y ea r  c y c le .  A verage c u m u la tiv e  
p ro p o r t io n  o f  p in k  salm on escapem en t, and th e  upper and low er bound  f o r  
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T a b le  1 .  A verage  d a i l y  p r o p o r t i o n  o f  c a t c h ,  a v e r a g e  c u m u l a t i v e  
p r o p o r t i o n  o f  c a t c h ,  t h e i r  c o e f f i c i e n t s  o f  v a r i a t i o n ,  s t a n d a r d  
d e v ia t io n s  (xlOO), and sample s iz e s  fo r  e v e n -y e a rs : 1 9 7 0 , 1976 -  1 982 . 
















23 705 1 .0006 0 0 1 .0006 0 0
24 706 1 .0006 0 0 1 .0012 0 0
25 707 2 .0054 96 0.52 2 .0060 76 0.46
26 708 2 .0059 24 0.14 2 .0120 26 0.31
27 709 2 .0320 84 2.69 2 .0440 54 2.37
28 710 3 .0143 113 1.62 3 .0436 46 2.02
29 711 2 .0111 99 1.10 3 .0510 40 2.07
30 712 3 .0229 66 1.52 3 .0739 48 3.56
31 713 4 .0365 90 3.30 4 .0920 44 4.06
32 714 5 .0283 69 1.97 5 .1019 49 5.06
33 715 4 .0286 52 1.49 5 .1249 47 5.93
34 716 4 .0232 77 1.81 5 .1435 48 6.95
35 717 5 .0136 79 1.09 5 .1572 46 7.35
36 718 4 .0148 85 1.26 5 .1691 43 7.27
37 719 3 .0128 61 0.79 5 .1768 42 7.54
38 720 4 .0194 53 1.04 5 .1924 43 8.42
39 721 5 .0214 68 1.46 5 .2139 45 9.64
40 722 4 .0156 59 0.93 5 .2264 46 10.49
41 723 4 .0239 77 1.86 5 .2455 49 12.17
42 724 3 .0237 80 1.91 5 .2598 51 13.38
43 725 2 .0141 93 1.32 5 .2654 50 13.39
44 726 1 .0458 0 0 5 .2746 51 14.07
45 727 3 .0513 59 3.07 5 .3054 55 16.95
46 728 3 .0494 39 1.93 5 .3351 58 19.67
47 729 4 .0264 78 2.07 5 .3562 59 21.10
48 730 4 .0332 28 0.93 5 .3828 56 21.72
49 731 4 .0346 54 1.89 5 .4106 51 21.34
50 801 3 .0447 71 3.20 5 .4374 44 19.52
51 802 1 .0533 0 0 5 .4481 41 18.37
52 803 3 .0766 57 4.38 5 .4941 37 18.71
53 804 4 .0732 60 4.42 5 .5527 36 19.93
54 805 4 .0366 66 2.44 5 .5820 36 21.09
55 806 3 .0515 20 1.07 5 .6129 34 21.33
56 807 3 .0420 67 2.83 5 .6381 31 20.07
57 808 2 .0590 21 1.26 5 .6617 28 19.05
58 809 2 .1289 51 6.65 5 .7133 20 14.69
59 810 1 .0323 0 0 5 .7197 19 14.22
60 811 3 .0876 55 4.83 5 .7723 16 13.03
61 812 2 .0425 59 2.52 5 .7893 16 13.18
62 813 3 .0525 44 2.31 5 .8208 16 13.45
63 814 3 .1112 91 10.20 5 .8876 10 9.68
64 815 3 .0250 86 2.15 5 .9026 9 8.81
65 816 2 .0245 99 2.43 5 .9124 7 7.0866 817 1 .0359 0 0 5 .9196 6 5.90
67 818 2 .0685 18 1.28 5 .9470 4 4.21
68 819 2 .0287 11 0.33 5 .9585 3 3.80
69 820 1 .0242 0 0 5 .9633 3 3.35
70 821 2 .0216 16 0.35 5 .9720 3 3.25
71 822 3 .0240 72 1.74 5 .9864 1 1.67
72 823 2 .0115 20 0.24 5 .9910 1 1.09


















73 824 2 .0052 37 0.19 5 .9931 0 0.84
74 825 2 .0092 5 0.05 5 .996 8 0 0.40
75 826 2 .0047 39 0.18 5 .9987 0 0.15
76 827 2 .0004 60 0.03 5 .9989 0 0.12
77 828 2 .0008 52 0.04 5 .9993 0 0
78 829 0 .0000 0 0 5 .9993 0 0
79 830 2 .0017 31 0.05 5 1.0000 0 0
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T a b l e  2 .  Average  d a i l y  p r o p o r t i o n  o f  c a t c h ,  a v e r a g e  c u m u l a t i v e  
p r o p o r t i o n  o f  c a t c h ,  t h e i r  c o e f f i c i e n t s  o f  v a r i a t i o n ,  s t a n d a r d  
d e v ia t io n s  (xlOO), and sample s i z e s  f o r  e v e n -y e a rs : 1 9 7 0 , 1976 -  1982.  
















26 708 1 .0006 0 0 1 .0006 0 0
27 709 2 .0215 99 2.15 2 .0218 97 2.12
28 710 2 .0214 58 1.25 3 .0288 73 2.12
29 711 1 .0187 0 0 3 .0350 69 2.43
30 712 3 .0247 81 2.01 3 .0598 71 4.25
31 713 4 .0302 69 2.09 4 .0750 84 6.30
32 714 4 .0358 24 0.86 5 .0887 79 7.01
33 715 3 .0428 29 1.24 5 .1144 65 7.43
34 716 3 .0345 45 1.56 5 .1351 61 8.28
35 717 3 .0466 25 1.20 5 .1631 53 8.73
36 718 2 .0662 25 1.70 5 .1896 54 10.30
37 719 3 .0288 45 1.31 5 .2069 52 10.85
38 720 4 .0524 38 2.00 5 .2488 46 11.61
39 721 5 .0491 74 3.66 5 .2979 47 14.20
40 722 5 .0435 62 2.71 5 .3415 45 15.38
41 723 4 .0411 25 1.06 5 .3744 43 16.22
42 724 3 .0335 49 1.66 5 .3945 41 16.28
43 725 2 .0344 49 1.69 5 .4083 42 17.17
44 726 1 .0692 0 0 5 .4222 44 18.80
45 727 3 .0722 66 4.82 5 .4655 47 21.92
46 728 4 .0543 67 3.64 5 .5090 50 25.59
47 729 4 .0571 67 3.87 5 .5547 51 28.45
48 730 4 .0436 37 1.62 5 .5896 50 29.89
49 731 3 .0581 13 0.80 5 .6245 46 29.00
50 801 2 .0866 2 0.22 5 .6591 42 27.86
51 802 1 .0690 0 0 5 .6729 38 26.22
52 803 3 .0880 69 6.15 5 .7257 30 21.99
53 804 4 .0800 62 4.96 5 .7897 24 19.51
54 805 4 .0408 71 2.92 5 .8224 21 17.46
55 806 3 .0608 12 0.74 5 .8589 19 16.78
56 807 3 .0411 105 4.32 5 .8835 16 14.26
57 808 1 .0681 0 0 5 .8971 14 12.73
58 809 2 .0675 28 1.91 5 .9241 10 9.31
59 810 1 .0453 0 0 5 .9332 9 8.45
60 811 2 .0589 70 4.17 5 .9568 5 5.31
61 812 1 .0403 0 0 5 .9649 4 4.36
62 813 2 .0437 62 2.73 5 .9824 2 2.34
63 814 1 .0228 0 0 5 .9869 1 1.61
64 815 2 .0216 35 0.76 5 .9956 0 0.87
65 816 1 .0034 0 0 5 .9962 0 0.74
66 817 1 .0133 0 0 5 .9989 0 0.22
67 818 1 .0029 0 0 5 .9995 0 0
68 819 1 .0022 0 0 5 .9999 0 0
69 820 0 .0000 0 0 5 .9999 0 0
70 821 1 .0003 0 0 5 1.0000 0 0
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T a b l e  3 .  Average  d a i l y  p r o p o r t i o n  o f  c a t c h ,  a v e r a g e  c u m u l a t i v e  
p r o p o r t i o n  o f  c a t c b ,  t b e i r  c o e f f i c i e n t s  o f  v a r i a t i o n ,  s t a n d a r d  
d e v ia t io n s  (xlOO), and sample s i z e s  f o r  e v e n -y e a rs : 1 9 7 0 ,  1974 -  1982 .  
















6 618 1 .0001 0 0 1 .0001 0 0
7 619 1 .0001 0 0 2 .0001 0 0
8 620 1 .0013 0 0 2 .0008 87 0.06
9 621 2 .0009 15 0.01 2 .0017 29 0.05
10 622 3 .0038 21 0.08 3 .0049 12 0.06
11 623 2 .0059 69 0.41 3 .0088 48 0.43
12 624 2 .0055 63 0.34 3 .0125 65 0.81
13 625 2 .0061 77 0.47 3 .0166 78 1.29
14 626 2 .0164 22 0.36 3 .0276 56 1.57
15 627 3 .0051 133 0.68 4 .0246 81 2.00
16 628 2 .0172 63 1.10 4 .0332 80 2.67
17 629 3 .0238 61 1.47 4 .0510 84 4.30
18 630 2 .0209 84 1.76 4 .0615 82 5.08
19 701 3 .0122 127 1.56 4 .0707 85 6.06
20 702 3 .0109 98 1.07 4 .0789 86 6.82
21 703 2 .0445 90 4.02 4 .1012 98 9.97
22 704 1 .0008 0 0 4 .1013 98 9.95
23 705 3 .0092 120 1.11 5 .0866 109 9.51
24 706 3 .0339 88 3.00 5 .1070 113 12.12
25 707 3 .0309 102 3.17 5 .1255 118 14.86
26 708 4 .0217 68 1.48 5 .1429 l i l 15.98
27 709 4 .0213 72 1.55 5 .1600 99 15.84
28 710 4 .0416 75 3.14 5 .1934 96 18.71
29 711 2 .0549 70 3.89 5 .2153 85 18.41
30 712 3 .0793 28 2.29 5 .2629 66 17.45
31 713 4 .0287 66 1.91 5 .2858 67 19.18
32 714 6 .0490 136 6.72 6 .2873 79 22.95
33 715 4 .1012 91 9.30 6 .3549 56 19.99
34 716 4 .0698 84 5.86 6 .4014 50 20.16
35 717 4 .0897 87 7.80 6 .4612 53 24.65
36 718 4 .0709 79 5.64 6 .5085 55 28.12
37 719 3 .0760 78 5.97 6 .5465 55 30.50
38 720 4 .0225 51 1.16 6 .5615 52 29.49
39 721 5 .0827 91 7.61 6 .6305 49 31.47
40 722 4 .0488 35 1.72 6 .6631 44 29.52
41 723 3 .0248 56 1.40 6 .6755 42 29.02
42 724 4 .0131 45 0.59 6 .6843 41 28.57
43 725 1 .0211 0 0 6 .6 878 41 28.50
44 726 2 .0880 67 5.94 6 .7172 37 26.83
45 727 3 .0602 10 0.61 6 .7473 33 25.28
46 728 4 .0483 100 4.83 6 .7795 30 23.67
47 729 3 .0466 35 1.66 6 .SD29 27 22.17
48 730 3 .0448 44 1.98 6 .8253 26 21.75
49 731 4 .0217 89 1.95 6 .8398 24 20.84
50 801 2 .0780 19 1.54 6 .8658 20 17.66
51 802 1 .0337 0 0 6 .8714 19 16.59
52 803 1 .0348 0 0 6 .8772 17 15.51
53 804 3 .1016 46 4.74 6 .9280 13 12.65
54 805 2 .0587 35 2.11 6 .9476 12 11.45
55 806 1 .0884 0 0 6 .9624 8 8.16


















56 807 2 .0141 69 0.98 6 .9671 7 7.30
57 808 2 .0451 97 4.39 6 .9821 4 3.99
58 809 1 .0488 0 0 6 .9902 2 2.17
59 810 1 .0361 0 0 6 .9963 0 0.82
60 811 0 .0000 0 0 6 .9963 0 0.82
61 812 1 .0052 0 0 6 .9971 0 0.63
62 813 1 .0070 0 0 6 .9983 0 0.37
63 814 1 .0100 0 0 6 1.0000 0 0
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T a b l e  4 .  Average  d a i l y  p r o p o r t i o n  o f  c a t c h ,  a v e r a g e  c u m u l a t i v e  
p r o p o r t i o n  o f  c a t c h ,  t h e i r  c o e f f i c i e n t s  o f  v a r i a t i o n ,  s t a n d a r d  
d e v ia t io n s  (xlOO), and sample s i z e s  f o r  e v e n - y e a r s :  1 9 7 0 ,  1 9 7 4 ,  1976 ,  
















14 626 1 .0062 0 0 1 .0062 0 0
15 627 1 .0010 0 0 1 .0072 0 0
16 628 0 .0000 0 0 1 .0072 0 0
17 629 0 .0000 0 0 1 .0072 0 0
18 630 0 .0000 0 0 1 .0072 0 0
19 701 1 .0023 0 0 1 .0094 0 0
20 702 1 .0026 0 0 1 .0120 0 0
21 703 1 .0019 0 0 1 .0140 0 0
22 704 1 .0073 0 0 1 .0212 0 0
23 705 1 .0312 0 0 1 .0524 0 0
24 706 0 .0000 0 0 1 .0524 0 0
25 707 0 .0000 0 0 1 .0524 0 0
26 708 2 .0249 84 2.11 2 .0511 92 4.73
27 709 2 .0610 78 4.76 2 .1121 84 9.50
28 710 1 .1029 0 0 2 .1636 89 14.65
29 711 1 .0326 0 0 2 .17 99 90 16.28
30 712 3 .0503 58 2.96 3 .1702 109 18.59
31 713 3 .0527 25 1.33 4 .1672 92 15.49
32 714 4 .0384 19 0.75 5 .1646 84 13.85
33 715 5 .0492 23 1.14 5 .2138 65 14.10
34 716 5 .0586 54 3.17 5 .2724 61 16.65
35 717 4 .0690 61 4.22 5 .3276 54 18.01
36 718 3 .0470 84 3.95 5 .3558 53 18.95
37 . 719 3 .1166 106 12.46 5 .4258 69 29.38
38 720 3 .0415 79 3.28 5 .4507 61 27.85
39 721 4 .0652 67 4.43 5 .5028 52 26.23
40 722 4 .0364 48 1.75 5 .5320 47 25.16
41 723 4 .0431 60 2.60 5 .5665 42 24.08
42 724 2 .0878 33 2.97 5 .6016 39 23.53
43 725 2 .0053 50 0.26 5 .6037 38 23.52
44 726 2 .0562 94 5.29 5 .6262 36 22.91
45 727 3 .0679 73 5.00 5 .6670 34 22.67
46 728 3 .0792 62 4.94 5 .7145 33 23.74
47 729 4 .0502 58 2.95 5 .7547 32 24.78
48 730 4 .0589 54 3.20 5 .8017 29 23.76
49 731 4 .0333 63 2.11 5 .8285 26 22.00
50 801 2 .0314 27 0.84 5 .8410 24 20.47
51 802 1 .0248 0 0 5 .8460 23 19.52
52 803 2 .0577 48 2.81 5 .8690 18 16.50
53 804 3 .0219 26 0.57 5 .8822 17 15.78
54 805 3 .0182 33 0.61 5 .8931 17 15.64
55 806 2 .0333 72 2.40 5 .9064 14 13.58
56 807 2 .0726 73 5.37 5 .9355 9 8.81
57 808 2 .0663 97 6.49 5 .9620 4 4.64
58 809 1 .0837 0 0 5 .9788 3 3.85
59 810 1 .0080 0 0 5 .9804 3 3.92
60 811 .0332 0 0 5 .9870 2 2.58
61 812 1 .0423 0 0 5 .9955 0 0.89
62 813 1 .0109 0 0 5 .9977 0 0.45
63 814 1 .0064 0 0 5 .9989 0 0.20
64 815 1 .0052 0 0 5 1.0000 0 0
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T a b l e  5 .  A verage  d a i l y  p r o p o r t i o n  o f  c a t c b ,  a v e r a g e  c u m u l a t i v e  
p r o p o r t i o n  o f  c a t c b ,  t b e i r  c o e f f i c i e n t s  o f  v a r i a t i o n ,  s t a n d a r d  
d e v ia t io n s  (xlOO), and sample s i z e s  f o r  e v e n - y e a r s :  1 970 ,  1 9 7 6 ,  1980 ,  
















24 706 1 .0001 0 0 1 .0001 0 0
25 707 1 .0006 0 0 2 .0004 75 0.03
26 708 1 .0006 0 0 2 .0006 85 0.05
27 709 1 .0010 0 0 2 .0012 91 0.11
28 710 1 .0012 0 0 2 .0018 94 0.17
29 711 0 .0000 0 0 2 .0018 94 0.17
30 712 3 .0113 122 1.39 3 .0125 105 1.32
31 713 3 .0144 56 0.80 3 .0270 68 1.85
32 714 4 .0121 63 0.76 4 .0323 80 2.60
33 715 4 .0256 70 1.80 4 .0579 74 4.33
34 716 4 .0243 63 1.54 4 .0823 68 5.66
35 717 4 .0172 88 1.52 4 .0995 58 5.83
36 718 3 .0106 122 1.31 4 .1076 53 5.79
37 719 2 .0245 87 2.14 4 .1198 59 7.08
38 720 3 .0394 68 2.71 4 .1494 64 9.63
39 721 4 .0406 65 2.67 4 .1900 64 12.25
40 722 4 .0522 76 3.98 4 .2422 66 16.11
41 723 4 .0447 63 2.85 4 .2868 65 18.85
42 724 3 .0328 79 2.60 4 .3115 61 19.09
43 725 3 .0217 66 1.43 4 .3278 58 19.08
44 726 3 .0298 96 2.88 4 .3502 58 20.54
45 727 3 .0568 46 2.62 4 .3929 59 23.20
46 728 4 .0637 44 2.83 4 .4566 56 25.99
47 729 4 .0540 63 3.40 4 .5106 57 29.21
48 730 4 .0493 28 1.42 4 .5600 54 30.50
49 731 4 .0463 53 2.46 4 .6063 49 30.22
50 801 3 .0458 77 3.55 4 .6407 44 28.25
51 802 1 .0508 0 0 4 .6534 40 26.42
52 803 2 .0531 24 1.30 4 .6800 38 25.84
53 804 3 .0606 21 1.32 4 .7254 33 24.38
54 805 3 .0470 28 1.32 4 .7607 29 22.78
55 806 3 .0509 22 1.16 4 .7990 27 22.03
56 807 3 .0240 68 1.63 4 .8170 26 21.26
57 808 2 .0443 9 0.44 4 .8392 22 19.21
58 809 1 .0487 0 0 4 .8513 20 17.27
59 810 1 .0414 0 0 4 .8617 18 15.64
60 811 2 .0503 25 1.30 4 .8869 15 14.00
61 812 2 .0478 24 1.18 4 .9108 12 11.60
62 813 2 .0425 35 1.50 4 .9321 9 9.31
63 814 2 .0424 51 2.17 4 .9533 7 6.72
64 815 2 .0220 55 1.22 4 .9643 5 5.34
65 816 1 .0295 0 0 4 .9717 4 4.07
66 817 1 .0266 0 0 4 .9784 3 2.93
67 818 2 .0168 50 0.84 4 .9868 1 1.91
68 819 2 .0084 86 0.73 4 .9910 1 1.24
69 820 1 .0150 0 0 4 .9948 0 0.61
70 821 1 .0038 0 0 4 .9957 0 0.45
71 822 2 .0049 1 0 4 .9982 0 0.27
72 823 1 .0012 0 0 4 .9985 0 0.22
73 824 2 .0017 64 0.11 4 .9993 0 0.10
















74 825 1 .0013 0 0 4 .9997 0 0
75 826 1 .0006 0 0 4 .9998 0 0
7 6 827 1 .0002 0 0 4 .9999 0 0
77 828 0 .0000 0 0 4 .9999 0 0
78 829 0 .0000 0 0 4 .9999 0 0
79 830 0 .0000 0 0 4 .9999 0 0
80 831 0 .0000 0 0 4 .9999 0 0
81 901 0 .0000 0 0 4 .9999 0 0
82 902 0 .0000 0 0 4 .9999 0 0
83 903 0 .0000 0 0 4 .9999 0 0
84 904 0 .0000 0 0 4 .9999 0 0
85 905 0 .0000 0 0 4 .9999 0 0
86 906 0 .0000 0 0 4 .9999 0 0
87 907 0 .0000 0 0 4 .9999 0 0
88 908 0 .0000 0 0 4 .9999 0 0
89 909 0 .0000 0 0 4 .9999 0 0
90 910 0 .0000 0 0 4 .9999 0 0
91 911 0 .0000 0 0 4 .9999 0 0
92 912 0 .0000 0 0 4 .9999 0 0
93 913 0 .0000 0 0 4 .9999 0 0
94 914 1 .0003 0 0 4 1.0000 0 0
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T a b l e  6 . A ve rage  d a i l y  p r o p o r t i o n  o f  c a t c b ,  a v e r a g e  c u m u l a t i v e  
p r o p o r t i o n  o f  c a t c b ,  t b e i r  c o e f f i c i e n t s  o f  v a r i a t i o n ,  s t a n d a r d  
d e v ia t io n s  (zlOO), and sample s i z e s  f o r  e v e n -y e a rs : 1 970 ,  1976 — 1982 .  
















30 712 1 .0740 0 0 1 .0740 0 0
31 713 1 .0465 0 0 1 .1205 0 0
32 714 2 .0134 61 0.81 2 .0736 92 6.84
33 715 2 .0287 69 2.00 2 .1024 86 8.84
34 716 2 .0434 22 0.96 2 .1459 54 7.87
35 717 1 .0357 0 0 2 .1637 37 6.09
36 718 1 .0346 0 0 2 .1810 24 4.36
37 719 1 .0675 0 0 2 .2147 36 7.73
38 720 1 .0201 0 0 2 .2248 38 8.73
39 721 2 .0630 16 1.04 2 .2877 26 7.69
40 722 2 .0646 18 1.20 2 .3525 18 6.48
41 723 2 .0676 0 0.01 2 .4201 15 6.47
42 724 1 .0673 0 0 2 .4538 6 3.11
43 725 1 .0631 0 0 2 .4853 0 0.04
44 726 1 .1742 0 0 2 .5724 15 8.66
45 727 2 .1701 60 10.26 3 .4950 37 18.53
46 728 3 .1517 64 9.78 3 .6468 17 11.55
47 729 4 .1073 116 12.48 4 .5924 61 36.14
48 730 4 .0767 36 2.76 4 .6692 58 38.86
49 731 3 .0617 59 3.65 4 .7155 50 36.17
50 so i 3 .0504 52 2.63 4 .7533 44 33.63
51 802 1 .1066 0 0 4 .7799 37 29.12
52 803 2 .2117 90 19.18 5 .7087 41 29.54
53 804 3 .1278 101 12.95 5 .7854 31 24.83
54 805 2 .0700 90 6.30 5 .8134 24 20.17
55 806 2 .0913 43 3.99 5 .8499 19 16.33
56 807 2 .1004 53 5.35 5 .8901 14 12.83
57 808 2 .0384 96 3.70 5 .9054 12 11.53
58 809 2 .1361 60 8.19 5 .9599 4 4.56
59 810 1 .0183 0 0 5 .9636 4 3.97
60 811 2 .0482 40 1.96 5 .9828 2 2.70
61 812 1 .0114 0 0 5 .9851 2 2.25
62 813 1 .0179 0 0 5 .9887 1 1.57
63 814 1 .0147 0 0 5 .9917 1 1.06
64 815 1 .0060 0 0 5 .9929 0 0.87
65 816 1 .0055 0 0 5 .9940 0 0.73
66 817 1 .0071 0 0 5 .9954 0 0.62
67 818 2 .0094 59 0.56 5 .9992 0 0.11
68 819 2 .0019 57 0.10 5 1.0000 0 0
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T a b l e  7 .  Average  d a i l y  p r o p o r t i o n  o f  c a t c b ,  a v e r a g e  c u m u l a t i v e  
p r o p o r t i o n  o f  c a t c b ,  t b e i r  c o e f f i c i e n t s  o f  v a r i a t i o n ,  s t a n d a r d  
d e v i a t i o n s  (xlOO), and sample s i z e s  f o r  od d -y ears : 1969 -  1981. E a s te rn  
















5 617 1 .0001 0 0 1 .0001 0 0
6 618 0 .0000 0 0 1 .0001 0 0
7 619 0 .0000 0 0 1 .0001 0 0
8 620 0 .0000 0 0 1 .0001 0 0
9 621 0 .0000 0 0 1 .0001 0 0
10 622 0 .0000 0 0 1 .0001 0 0
11 623 0 .0000 0 0 1 .0001 0 0
12 624 1 .0601 0 0 1 .0603 0 0
13 625 3 .0155 133 2.07 3 .0356 138 4.91
14 626 2 .0179 81 1.44 3 .0475 133 6.36
15 627 2 .1413 10 1.52 4 .1063 58 6.17
16 628 2 .0958 7 0.69 4 .1542 64 9.89
17 629 3 .0543 49 2.67 4 .1950 66 13.02
18 630 3 .0246 86 2.13 4 .2134 68 14.59
19 701 2 .0355 54 1.94 4 .2312 70 16.34
20 702 3 .0208 76 1.59 4 .2468 67 16.61
21 703 2 .0219 30 0.66 4 .2577 65 16.86
22 704 3 .0165 76 1.26 4 ,2701 66 18.02
23 705 2 .0303 8 0.25 4 .2852 67 19.37
24 706 3 .0275 12 0.35 4 .3059 67 20.54
25 707 3 .0143 54 0.78 4 .3167 66 21.06
26 708 2 .0161 5 0.08 4 .3248 66 21.45
27 70 9 2 .0220 18 0.40 4 .3358 64 21.70
28 710 2 .0181 25 0.45 4 .3448 63 21.96
29 711 2 .0248 8 0.21 4 .3573 64 23.03
30 712 3 .0194 11 0.22 5 .2974 86 25.60
31 713 4 .0213 39 0.84 5 .3145 84 26.55
32 714 6 .0245 127 3.14 6 .2867 90 25.88
33 715 5 .0230 74 1.70 6 .3058 84 25.84
34 716 6 .0169 79 1.34 6 .3228 79 25.62
35 717 6 .0162 87 1.41 6 .3391 75 25.53
36 718 5 .0229 61 1.42 6 .3582 72 26.14
37 719 4 .0102 79 0.80 6 .3651 73 26.76
38 720 5 .0200 75 1.50 6 .3818 73 27.87
39 721 6 .0294 81 2.40 6 .4112 67 27.84
40 722 5 .0362 64 2.33 6 .4414 62 27.68
41 723 6 .0385 50 1.96 7 .4L14 70 29.11
42 724 7 .0269 74 2.00 7 .4384 65 28.74
43 725 6 .0363 57 2.10 7 .4695 60 28.38
44 726 6 .0221 88 1.95 7 .4885 57 27.90
45 727 5 .0345 53 1.85 7 .5132 55 28.26
46 728 6 .0335 66 2.24 7 .5419 52 28.55
47 729 6 .0307 66 2.05 7 .5683 49 28.25
48 730 7 .0498 62 3.12 7 .6181 42 26.42
49 731 6 .0562 71 4.02 7 .6663 38 25.72
50 801 5 .0407 69 2.84 7 .6954 36 25.42
51 802 5 .0417 70 2.94 7 .7253 32 23.56
52 803 5 .0469 76 3.58 7 .7588 29 22.20
53 804 5 .0473 72 3.43 7 .7926 24 19.60
54 805 5 .0455 75 3.42 7 .8251 21 17.63
















55 806 6 .0599 60 3.60 7 .8765 17 15.30
56 807 5 .0286 86 2.46 7 .8970 17 15.43
57 808 4 .0305 78 2.39 7 .9144 17 16.14
58 809 3 .0389 121 4.72 7 .9311 13 12.52
59 810 3 .0426 110 4.68 7 .9494 9 8.86
60 811 3 .0221 117 2.59 7 .9588 7 6.91
61 812 2 .0401 96 3.86 7 .9703 4 4.32
62 813 3 .0270 49 1.34 7 .9819 3 3.07
63 814 4 .0053 90 0.48 7 .9850 3 3.08
64 815 2 .0023 52 0.12 7 .9856 3 3.05
65 816 2 .0451 96 4.34 7 .9985 0 0.30
66 817 1 .0019 0 0 7 .9988 0 0.24
67 818 0 .0000 0 0 7 .9988 0 0.24
68 819 0 .0000 0 0 7 .9988 O 0.24
69 820 1 .0027 0 0 7 .9992 0 0.14
70 821 1 .0017 0 0 7 .9994 0 0
71 822 1 .0012 0 0 7 .9996 0 0
72 823 1 .0009 0 0 7 .9997 0 0
73 824 2 .0003 66 0.02 7 .9998 0 0
74 825 0 .0000 0 0 7 .9998 0 0
75 82 6 0 .0000 0 0 7 .9998 0 0
76 827 0 .0000 0 0 7 .9998 0 0
77 828 0 .0000 0 0 7 .9998 0 0
78 829 0 .0000 0 0 7 .9998 0 0
79 830 0 .0000 0 0 7 .9998 0 0
80 831 1 .0009 0 0 7 1.0000 0 0
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T a b l e  8 . Ave rage  d a i l y  p r o p o r t i o n  o f  c a t c h ,  a v e r a g e  c u m u l a t i v e  
p r o p o r t i o n  o f  c a t c h ,  t h e i r  c o e f f i c i e n t s  o f  v a r i a t i o n ,  s t a n d a r d  
d e v i a t i o n s  ( x lO O ) , and sam ple  s i z e s  f o r  o d d - y e a r s :  1 969 -  1 9 8 1 .  
















12 624 1 .0484 0 0 1 .0484 0 0
13 625 1 .0326 0 0 1 .0810 0 0
14 626 1 .0236 0 0 1 .1046 0 0
15 627 1 .0036 0 0 1 .1082 0 0
16 628 0 .0000 0 0 1 .1082 0 0
17 629 1 .0249 0 0 1 .1331 0 0
18 630 1 .02% 0 0 1 .1617 0 0
19 701 1 .0486 0 0 1 .2103 0 0
20 702 1 .0232 0 0 1 .2334 0 0
21 703 1 .0234 0 0 1 .2569 0 0
22 704 1 .0541 0 0 2 .1555 65 10.13
23 705 1 .0386 0 0 2 .1748 46 8.20
24 706 2 .0526 7 0.37 2 .2274 37 8.58
25 707 2 .0652 27 1.82 2 .2927 35 10.41
26 708 2 .0639 22 1.43 2 .3566 33 11.85
27 709 3 .1225 107 13.15 3 .3603 29 10.63
28 710 2 .0805 82 6.64 3 .4139 26 10.95
29 711 2 .0434 11 0.49 3 .4428 22 9.96
30 712 3 .0502 44 2.2  5 4 .3698 58 21.64
31 713 4 .0446 43 1.91 4 .4144 56 23.44
32 714 5 .0343 81 2.78 6 .3049 85 26.15
33 715 5 .0588 84 4.95 6 .3539 74 26.24
34 716 5 .0502 69 3.49 6 .3958 64 25.57
35 717 4 .0260 59 1.56 6 .4132 60 25.14
36 718 4 .0285 73 2.08 6 .4322 57 24.82
37 719 4 .0368 73 2.69 6 .4568 53 24.38
38 720 4 .0284 31 0.88 6 .4758 53 25.46
39 721 6 .0415 70 2.93 6 .5173 46 24.20
40 722 5 .0556 58 3.23 6 .5637 42 23.79
41 723 6 .0668 64 4.28 7 .5404 48 26.07
42 724 6 .0457 98 4.49 7 .5797 40 23.58
43 725 5 .0875 64 5.61 7 .6422 36 23.72
44 726 5 .0605 108 6.58 7 .6854 32 22.11
45 727 5 .0339 70 2.38 7 .7097 30 21.95
46 728 5 .0499 49 2.47 7 .7454 27 20.81
47 729 5 .03 s i 45 1.78 7 .7734 25 19.85
48 730 6 .0489 31 1.53 7 .8153 23 19.15
49 731 5 .0449 65 2.93 7 .8474 22 18.71
50 801 4 .0559 54 3.07 7 .8794 22 19.47
51 802 3 .0407 57 2.33 7 .8969 19 17.39
52 803 3 .0433 56 2.44 7 .9154 17 15.64
53 804 4 .0267 79 2.13 7 .9307 14 13.76
54 805 3 .0258 106 2.73 7 .9418 12 11.59
55 806 2 .0680 72 4.93 7 .9612 7 7.62
56 807 3 .0149 77 1.16 7 .9676 7 7.24
57 808 1 .0170 0 0 7 .9701 7 7.32
58 809 1 .0685 0 0 7 .9799 5 4.92
59 810 1 .0408 0 0 7 .9857 3 3.49
60 811 1 .0634 0 0 7 .9947 1 1.27
61 812 1 .0080 0 0 7 .9959 1 0.99


















62 813 1 .0264 0 0 7 .9996 0 0
63 814 0 .0000 0 0 7 .9996 0 0
64 815 0 .0000 0 0 7 .9996 0 0
65 816 1 .0022 0 0 7 1.0000 0 0
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T a b l e  9 .  A ve ra ge  d a i l y  p r o p o r t i o n  o f  c a t c h ,  a v e r a g e  c u m u l a t i v e  
p r o p o r t i o n  o f  c a t c h ,  t h e i r  c o e f f i c i e n t s  o f  v a r i a t i o n ,  s t a n d a r d  
d e v ia t io n s  (xlOO), and sample s i z e s  f o r  o d d -y ea rs : 1969 -  1981. C ogh i l l  
















2 614 1 .0002 0 0 1 .0002 0 0
3 615 0 .0000 0 0 1 .0002 0 0
4 616 0 .0000 0 0 1 .0002 0 0
5 617 1 .0005 0 0 1 .0006 0 0
6 618 1 .0104 0 0 1 .0111 0 0
7 619 1 .0031 0 0 1 .0142 0 0
8 620 3 .0016 74 0.11 3 .0063 121 0.76
9 621 4 .0033 127 0.42 4 .0080 141 1.13
10 622 3 .0009 141 0.12 5 .0069 151 1.06
11 623 3 .0023 107 0.24 5 .0083 127 1.06
12 624 2 .0004 100 0.04 5 .0085 123 1.05
13 625 5 .0045 111 0.50 6 .0108 129 1.40
14 626 5 .0027 111 0.30 6 .0131 122 1.61
15 627 5 .0101 111 1.13 7 .0185 138 2.57
16 628 5 .0047 136 0.64 7 .0219 143 3.15
17 629 5 .0306 169 5.20 7 .0438 174 7.64
18 630 6 .0216 92 2.00 7 .0623 150 9.38
19 701 5 .0169 81 1.38 7 ,0744 125 9,37
20 702 7 .0099 155 1.54 7 .0844 114 9.70
21 703 5 .0457 145 6.63 7 .1171 106 12.42
22 704 5 .0341 94 3.23 7 .1415 101 14.34
23 70 5 5 .0183 118 2.17 7 .1546 98 15.24
24 706 6 .0327 100 3.29 7 .1827 97 17.82
25 707 4 .0364 89 3.27 7 .2035 91 18.66
26 708 5 .0550 75 4.14 7 .2429 84 20.49
27 709 6 .0252 124 3.13 7 .2645 79 21.01
28 710 5 .0285 122 3.49 7 .2849 75 21.45
29 711 4 .0498 97 4.86 7 .3134 74 23.38
30 712 5 .0780 90 7.02 7 .3691 74 27.35
31 713 4 .0467 55 2.60 7 .3958 73 28.90
32 714 4 .0468 94 4.41 7 .4226 63 27.04
33 715 3 .0446 15 0.70 7 .4417 60 26.90
34 716 6 .0310 76 2.38 7 .4683 53 25.09
35 717 4 .0887 13 1.16 7 .5190 48 25.19
36 718 4 .0738 98 7.25 7 .5612 42 23.82
37 719 4 .0514 113 5.81 7 .5906 40 23.64
38 720 3 .0569 103 5.91 7 .6150 39 24.12
39 721 5 .0536 60 3.23 7 .6533 35 22.97
40 722 4 .0489 96 4.70 7 .6813 31 21.64
41 723 3 .0425 19 0.81 7 .6995 30 21.54
42 724 3 .0617 71 4.42 7 .7260 27 19.76
43 725 4 .0231 59 1.37 7 .7392 27 20.68
44 726 4 .0334 96 3.22 7 .7583 25 19.37
45 727 3 .0413 63 2.62 7 .7760 23 18.62
46 728 4 .0617 107 6.60 7 .8113 17 14.39
47 729 4 .0679 99 6.76 7 .8502 13 11.72
48 730 4 .0310 95 2.95 7 .8679 13 11.31
49 731 5 .0105 95 1.00 7 .8754 13 11.41
50 801 3 .0319 73 2.33 7 .8891 11 10.48
51 802 2 .0524 83 4.39 7 .9041 11 10.77


















52 803 3 .1163 91 10.58 7 .9539 8 7.80
53 804 4 .0313 83 2.61 7 .9718 5 5.35
54 805 3 .0618 109 6.76 7 .9983 0 0.40
55 806 1 .0115 0 0 7 1.0000 0 0
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T a b l e  1 0 .  A ve ra ge  d a i l y  p r o p o r t i o n  o f  c a t c h ,  a v e r a g e  c u m u l a t i v e  
p r o p o r t i o n  o f  c a t c h ,  t h e i r  c o e f f i c i e n t s  o f  v a r i a t i o n ,  s t a n d a r d  
d e v i a t i o n s  ( x lO O ) , and sample  s i z e s  f o r  o d d - y e a r s :  1 9 6 9  -  19 8 1 .  
















15 627 1 .0162 0 0 1 .0162 0 0
16 628 1 .0297 0 0 1 .0458 0 0
17 629 1 .0729 0 0 1 .1188 0 0
18 630 2 .0011 100 0.11 2 .0605 100 6.05
19 701 2 .0086 97 0.83 2 .0691 99 6.88
20 702 3 .0026 73 0.18 4 .0365 160 5.86
21 703 3 .0070 141 0.99 4 .0418 134 5.64
22 704 3 .0154 141 2.17 5 .0426 167 7.14
23 705 3 .0140 104 1.46 5 .0510 164 8.42
24 706 2 .0328 79 2.60 5 .0642 166 10.70
25 707 2 .0200 31 0.62 5 .0722 160 11.60
26 708 2 .0298 47 1.41 5 .0842 156 13.21
27 709 2 .0131 4 0.06 5 .0894 145 12.98
28 710 2 .0192 64 1.23 5 .0971 131 12.75
29 711 4 .0227 90 2.04 5 .1153 127 14.73
30 712 3 .0413 66 2.74 6 .1167 139 16.28
31 713 3 .0394 67 2.64 6 .1365 134 18.31
32 714 5 -.0352 54 1.92 6 .1658 111 18.42
33 715 4 .0529 56 3.00 6 .2011 96 19.48
34 716 6 .0578 53 3.10 6 .2590 67 17.55
35 717 4 .0686 66 4.57 6 .3047 54 16.61
36 718 5 .0798 37 2.96 6 .3713 52 19.39
37 719 5 .0713 76 5.46 6 .4308 47 20.46
38 720 4 .1111 71 7.95 6 .5049 46 23.29
39 721 5 .0455 65 2.97 6 .5428 40 22.06
40 722 4 .0473 20 0.96 6 .5743 35 20.51
41 723 5 .0793 71 5.69 6 .6405 33 21.59
42 724 5 .0412 56 2.31 7 .5784 50 29.34
43 725 5 .0430 43 1.85 7 .6091 51 31.30
44 726 4 .0350 84 2.96 7 .6291 48 30.52
45 727 4 .1115 117 13.10 7 .6929 32 22.25
46 728 5 .0749 45 3.41 7 .7464 25 18.70
47 729 5 .0599 53 3.21 7 .7892 19 15.07
48 730 6 .0697 51 3.60 7 .8490 16 14.00
49 731 5 .0411 81 3.34 7 .8784 14 12.36
50 801 3 .0214 45 0.98 7 .8876 14 12.49
51 802 3 .0344 114 3.92 7 .9023 11 10.17
52 803 3 .0639 78 5.00 7 .9297 8 7.49
53 804 4 .0447 42 1.91 7 .9553 6 6.18
54 805 3 .0527 70 3.71 7 .9779 4 4.15
55 806 3 .0415 88 3.66 7 .9957 1 1.04
56 807 0 .0000 0 0 7 .9957 1 1.04
57 808 1 .0194 0 0 7 .9984 0 0.37
58 809 1 .0098 0 0 7 .9998 0 0
59 810 1 .0008 0 0 7 1.0000 0 0
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T a b l e  11 .  Average  d a i l y  p r o p o r t i o n  o f  c a t c h ,  a v e r a g e  c u m u l a t i v e  
p r o p o r t i o n  o f  c a t c h ,  t h e i r  c o e f f i c i e n t s  o f  v a r i a t i o n ,  s t a n d a r d  
d e v i a t i o n s  ( x lO O ) , and sample  s i z e s  f o r  o d d - y e a r s :  1 9 6 9  -  1 9 8 1 .  
















4 616 1 .0003 0 0 1 .0003 0 0
5 617 0 .0000 0 0 1 .0003 0 0
6 618 0 .0000 0 0 1 .0003 0 0
7 619 0 .0000 0 0 1 .0003 0 0
8 620 0 .0000 0 0 1 .0003 0 0
9 621 0 .0000 0 0 1 .0003 0 0
10 622 0 .0000 0 0 1 .0003 0 0
11 623 1 .0006 0 0 1 .0008 0 0
12 624 1 .0003 0 0 1 .0011 0 0
13 625 0 .0000 0 0 1 .0011 0 0
14 626 0 .0000 0 0 1 .0011 0 0
15 627 1 .0013 0 0 2 .0012 8 0.01
16 628 1 .0008 0 0 2 .0016 31 0.04
17 629 2 .0002 60 0.01 3 .0012 60 0.07
18 630 1 .0006 0 0 3 .0013 40 0.05
19 701 2 .0006 23 0.01 3 .0018 45 0.08
20 702 2 .0011 36 0.03 4 .0019 53 0.10
21 703 2 .0021 2 0 4 .0029 46 0.13
22 704 2 .0034 18 0.06 4 .0047 46 0.21
23 705 4 .0050 67 0.34 4 .0098 52 0.51
24 706 3 .0125 14 0.17 4 .0192 52 1.00
25 707 2 .0168 16 0.26 4 .0276 50 1.39
26 708 2 .0172 61 1.05 4 .0362 62 2.24
27 709 3 .0203 83 1.68 4 .0514 72 3.72
28 710 2 .0240 33 0.81 4 .0634 78 4.97
29 711 3 .0143 73 1.05 4 .0742 67 4.98
30 712 4 .0140 88 1.23 5 .0706 81 5.76
31 713 4 .0241 56 1.36 5 .0899 81 7.29
32 714 6 .0187 93 1.74 6 .0936 92 8.68
33 715 6 .0161 76 1.24 6 .1098 85 9.42
34 716 6 .0168 75 1.27 6 .1266 81 10.29
35 717 5 .0275 62 1.71 6 .1497 76 11.48
36 718 5 .0261 61 1.60 6 .1714 67 11.58
37 719 4 .0270 61 1.65 6 .1894 63 12.07
38 720 4 .0482 46 2.25 6 .2216 66 14.76
39 721 6 .0410 54 2.24 6 .2626 56 14.95
40 722 6 .0416 59 2.48 6 .3043 51 15.78
41 723 7 .0471 44 2.11 7 .3080 56 17.32
42 724 6 .0481 62 3.00 7 .3493 46 16.19
43 725 6 .0683 65 4.49 7 .4079 42 17.24
44 726 6 .0526 76 4.04 7 .4530 40 18.27
45 727 6 .0479 52 2.53 7 .4942 40 20.09
46 728 6 .0659 53 3.52 7 .5507 37 20.51
47 729 6 .0496 47 2.37 7 .5932 36 21.39
48 730 6 .0733 31 2.30 7 .6561 28 18.70
49 731 6 .0564 65 3.67 7 .7044 25 17.63
50 801 4 .0767 47 3.62 7 .7483 23 17.63
51 802 5 .0398 76 3.04 7 .7768 20 15.78
52 803 4 .0730 42 3.12 7 .8186 18 15.19
53 804 5 .0568 57 3.27 7 .8592 14 12.33
















54 805 5 .0465 66 3.09 7 .8924 11 10.28
55 80 6 5 .0475 39 1.88 7 .9263 8 8.22
56 807 4 .0273 74 2.02 7 .9420 8 7.88
57 808 3 .0223 69 1.55 7 .9515 8 8.01
58 809 2 .0384 81 3.11 7 .9625 5 5.69
59 810 2 .0356 56 2.02 7 .9727 3 3.88
60 811 2 .0301 74 2.22 7 .9813 2 2.29
61 812 3 .0097 112 1.09 7 .9854 1 1.68
62 813 2 .0197 23 0.46 7 .9911 1 1.27
63 814 2 .0042 16 0.07 7 .9923 1 1.26
64 815 2 .0064 35 0.23 7 .9941 0 0.95
65 816 2 .0033 54 0.17 7 .9951 0 0.97
66 817 1 .0022 0 0 7 .9954 0 0.97
67 818 1 .0094 0 0 7 .9967 0 0.64
68 819 0 .0000 0 0 7 .9967 0 0.64
69 820 2 .0041 46 0.19 7 .9979 0 0.43
70 821 0 .0000 0 0 7 .9979 0 0.43
71 822 1 .0070 0 0 7 .9989 0 0.19
72 823 0 .0000 0 0 7 .9989 0 0.19
73 824 1 .0052 0 0 7 .9996 0 0
74 825 1 .0003 0 0 7 .9997 0 0
75 826 0 .0000 0 0 7 .9997 0 0
76 827 0 .0000 0 0 7 .9997 0 0
77 828 0 .0000 0 0 7 .9997 0 0
78 829 0 .0000 0 0 7 .9997 0 0
79 830 0 .0000 0 0 7 .9997 0 0
80 831 1 .0002 0 0 7 .9997 0 0
81 901 0 .0000 0 0 7 .9997 0 0
82 902 0 .0000 0 0 7 .9997 0 0
83 903 0 .0000 0 0 7 .9997 0 0
84 904 0 .0000 0 0 7 .9997 0 0
85 905 0 .0000 0 0 7 .9997 0 0
86 906 0 .0000 0 0 7 .9997 0 0
87 907 0 .0000 0 0 7 .9997 0 0
88 908 0 .0000 0 0 7 .9997 0 0
89 909 0 .0000 0 0 7 .9997 0 0
90 910 0 .0000 0 0 7 .9997 0 0
91 911 0 .0000 0 0 7 .9997 0 0
92 912 1 .0017 0 0 7 1.0000 0 0
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T a b l e  1 2 .  A verage  d a i l y  p r o p o r t i o n  o f  c a t c b ,  a v e r a g e  c u m u l a t i v e  
p r o p o r t i o n  o f  c a t c b ,  t b e i r  c o e f f i c i e n t s  o f  v a r i a t i o n ,  s t a n d a r d  
d e v i a t i o n s  ( z lO O ) ,  and sample  s i z e s  f o r  o d d - y e a r s :  197 3  -  1 9 8 1 .  












Prop. c .y .
S.D.
zlOO
30 712 1 .0098 0 0 1 .0098 0 0
31 713 1 .0050 0 0 1 .0149 0 0
32 714 1 .0085 0 0 1 .0234 0 0
33 715 0 .0000 0 0 1 .0234 0 0
34 716 1 .0567 0 0 1 .0800 0 0
35 717 1 .0354 0 0 1 .1154 0 0
36 718 1 .0820 0 0 1 .1974 0 0
37 719 1 .0587 0 0 1 .2561 0 0
38 720 1 .0798 0 0 1 .3360 0 0
39 721 0 .0000 0 0 1 .3360 0 0
40 722 0 .0000 0 0 1 .3360 0 0
41 723 2 .0488 9 0.48 .2168 79 17.28
42 724 4 .0902 63 5.69 4 .1987 76 15.12
43 725 4 .1299 86 11.17 5 .2629 48 12.70
44 726 4 .1208 97 11.78 5 .3596 49 17.80
45 727 4 .1397 66 9.28 5 .4713 53 25.07
46 728 4 .0706 69 4.91 5 .5279 42 22.23
47 729 4 .0465 64 3.00 5 .5651 39 22.54
48 730 5 .1109 96 10.67 5 .6760 31 21.45
49 731 4 .0835 36 3.07 5 .7428 25 18.97
50 801 4 .0856 45 3.89 5 .8114 20 17.02
51 802 2 .1063 24 2.63 5 .8539 21 18.32
52 803 3 .0218 62 1.36 5 .8669 21 18.61
53 804 3 .0583 104 6.12 5 .9020 14 13.13
54 805 1 .1956 0 0 5 .9411 6 5.91
55 806 2 .0972 60 5.91 5 .9800 2 2.45
56 807 1 .0292 0 0 5 .9858 1 1.92
57 808 1 .0203 0 0 5 .9899 1 1.93
58 809 0 .0000 0 0 5 .9899 1 1.93
59 810 2 .0156 96 1.50 5 .9961 0 0.71
60 811 . 2 .0090 87 0.79 5 .9997 0 0
61 812 1 .0011 0 0 5 1.0000 0 0
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T a b l e  13.  A verage  d a i l y  p r o p o r t i o n  o f  c a t c b .  a v e r a g e  c u m u l a t i v e  
p r o p o r t i o n  o f  c a t c b ,  t b e i r  c o e f f i c i e n t s  o f  v a r i a t i o n ,  s t a n d a r d  
d e v i a t i o n s  (xlOO) , and sample s i z e s  f o r  o d d - y e a r s :  19 6 9  -  19 81 .  
















12 624 1 .0004 0 0 1 .0004 0 0
13 625 0 .0000 0 0 1 .0004 0 0
14 626 0 .0000 0 0 1 .0004 0 0
15 627 0 .0000 0 0 1 .0004 0 0
16 628 0 .0000 0 0 1 .0004 0 0
17 629 0 .0000 0 0 1 .0004 0 0
18 630 0 .0000 0 0 1 .0004 0 0
19 701 0 .0000 0 0 1 .0004 0 0
20 702 0 .0000 0 0 1 .0004 0 0
21 703 1 .0038 0 0 2 .0021 80 0.17
22 704 3 .0092 132 1.22 3 .0106 106 1.13
23 705 1 .0333 0 0 3 .0217 124 2.70
24 706 2 .0156 30 0.47 3 .0322 107 3.45
25 707 2 .0168 13 0.22 3 .0435 95 4.13
26 708 2 .0177 9 0.16 3 .0553 87 4.85
27 709 2 .0283 29 0.84 4 .0556 77 4.31
28 710 2 .0269 42 1.14 4 .0690 61 4.27
29 711 3 .0300 87 2.62 4 -.0916 70 6.47
30 712 2 .0543 39 2.11 4 .1187 78 9.35
31 713 4 .0338 66 2.26 5 .1220 96 11.73
32 714 6 .0181 102 1.85 6 .1198 108 13.05
33 715 5 .0231 104 2.40 6 .1391 108 15.07
34 716 6 .0210 79 1.68 6 .1602 94 15.17
35 717 6 .0286 85 2.44 6 .1888 79 15.08
36 718 5 .0443 104 4.65 6 .2257 84 19.02
37 719 4 .0461 82 3.78 6 .2565 86 22.16
38 720 4 .0434 63 2.74 6 .2855 83 23.94
39 721 6 .0446 66 2.94 6 .3301 72 23.85
40 722 6 .0398 70 2.81 6 .3699 62 23.30
41 723 7 .0552 86 4.76 7 .3723 62 23.37
42 724 5 .0577 60 3.48 7 .4136 53 22.22
43 725 5 .0594 24 1.47 7 .4560 49 22.72
44 726 5 .0516 83 4.30 7 .4929 46 22.69
45 727 5 .0529 55 2.95 7 .5306 45 24.21
46 728 6 .0503 64 3.24 7 .5737 42 24.57
47 729 5 .0626 29 1.84 7 .6185 38 23.88
48 730 6 .0668 28 1.88 7 .6758 33 22.89
49 731 5 .0715 16 1.20 7 .7269 32 23.62
50 801 5 .0458 61 2.81 7 .7596 31 23.74
51 802 4 .0630 52 3.33 7 .7957 26 20.90
52 803 4 .0609 45 2.77 7 .8305 23 19.31
53 804 4 .0705 45 3.23 7 .8708 18 15.74
54 805 4 .0562 56 3.16 7 .9029 14 13.52
55 806 5 .0527 69 3.67 7 .9406 10 10.27
56 807 4 .0159 78 1.25 7 .9497 10 10.03
57 808 3 .0139 88 1.23 7 .9557 10 10.22
58 809 2 .0333 96 3.21 7 .9653 8 7.93
59 810 3 .0129 102 1.32 7 .9708 7 6.87
60 811 2 .0337 94 3.17 7 .9804 4 4.59
61 812 1 .0627 0 0 7 .9894 2 2.40















62 813 2 .0290 95 2.76 7 .9977 0 0.44
63 814 0 .0000 0 0 7 .9977 0 0.44
64 815 0 .0000 0 0 7 .9977 0 0.44
65 816 2 .0076 69 0.53 7 .9998 0 0
66 817 0 .0000 0 0 7 .9998 0 0
67 818 0 .0000 0 0 7 .9998 0 0
68 819 0 .0000 0 0 7 .9998 0 0
69 820 0 .0000 0 0 7 .9998 0 0
70 821 0 .0000 0 0 7 .9998 0 0
71 822 0 .0000 0 0 7 .9998 0 0
72 823 0 .0000 0 0 7 .9998 0 0
73 824 0 .0000 0 0 7 .9998 0 0
74 825 0 .0000 0 0 7 .9998 0 0
75 826 0 .0000 0 0 7 .9998 0 0
76 827 0 .0000 0 0 7 .9998 0 0
77 828 1 .0008 0 0 7 1.0000 0 0
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T a b l e  1 4 .  Average  d a i l y  p r o p o r t i o n  o f  CPUE, a v e r a g e  c u m u l a t i v e  
p r o p o r t i o n  o f CPUE, t h e i r  c o e f f i c i e n t s  of  v a r i a t i o n ,  s t a n d a r d . d e v i a t i o n s  
(zlOO), and sample s i z e s  f o r  e v e n - y e a r s :  1 9 7 0 ,  1976 -  1 982 .  E a s t e r n  
















23 705 1 .0143 0 0 1 .0143 0 0
24 706 1 .0143 0 0 1 .0287 0 0
25 707 2 .0173 57 1.00 2 .0315 14 0.44
26 708 2 .0222 53 1.17 2 .0535 30 1.65
27 709 2 .0285 17 0.50 2 .0823 25 2.13
28 710 3 .0393 64 2.54 3 .0941 67 6.35
29 711 2 .0124 65 0.80 3 .1024 57 5.84
30 712 3 .0283 41 1.18 3 .1308 53 7.03
31 713 4 .0397 72 2.88 4 .1380 52 7.22
32 714 5 .0289 40 1.17 5 .1392 60 8.41
33 715 4 .0356 40 1.45 5 .1678 52 8,79
34 716 4 .0258 73 1.90 5 .1885 49 9.31
35 717 5 .0328 77 2.53 5 .2215 52 11.58
36 718 4 .0206 41 0.86 5 .2380 47 11.29
37 719 3 .0192 29 0.57 5 .2496 46 11.66
38 720 4 .0307 35 1.08 5 .2741 44 12.24
39 721 5 .0297 50 1.50 5 .3039 40 12.33
40 722 4 .0246 44 1.10 5 .3237 39 12.66
41 723 4 .0280 57 1.62 5 .3462 39 13.84
42 724 3 .0309 31 0.96 5 .3647 40 14.61
43 725 2 .0219 61 1.35 5 .3735 38 14.52
44 726 1 .0450 0 0 5 .3825 41 15.74
45 727 3 .0593 31 1.84 5 .4183 44 18.47
46 728 3 .0513 33 1.73 5 .4491 46 20.94
47 729 4 .0347 13 0.46 5 .4769 46 22.01
48 730 4 .0297 42 1.25 5 .5005 45 22.97
49 731 4 .0528 54 2.86 5 .5430 47 25.99
50 801 3 .0333 41 1.37 5 .5629 46 26.11
51 802 1 .0168 0 0 5 .5663 45 25.92
52 803 3 .0507 65 3.30 5 .5969 40 24.37
53 804 4 .0569 84 4.83 5 .6425 33 21.72
54 805 4 .0385 43 1.68 5 .6733 31 21.12
55 806 3 .0313 51 1.60 5 .6920 30 21.29
56 807 3 .0274 33 0.92 5 .7085 30 21.43
57 808 2 .0263 8 0.22 5 .7190 29 21.05
58 809 2 .0537 61 3.30 5 .7406 24 18.46
59 810 1 .0168 0 0 5 .7440 24 18.11
60 811 3 .0423 50 2.12 5 .7694 21 16.53
61 812 2 .0250 55 1.39 5 .7794 21 16.52
62 813 3 .0308 23 0.73 5 .7979 19 15.33
63 814 3 .0440 40 1.77 5 .8243 19 15.99
64 815 3 .0243 71 1.73 5 .8391 17 14.28
65 816 2 .0239 52 1.25 5 .8486 16 13.59
66 817 1 .0319 0 0 5 .8550 15 12.91
67 818 2 .0326 3 0.11 5 .8681 14 12.83
68 819 2 .0208 31 0.66 5 .8763 14 12.68
69 820 1 .0294 0 0 5 .8821 13 12.33
70 821 2 .0321 38 1.21 5 .8950 13 12.50
71 822 3 .0358 28 1.00 5 .9166 12 11.09
72 823 2 .0301 12 0.38 5 .9287 10 9.63


















73 824 2 .0376 59 2.24 5 .9438 7 7.38
74 825 2 .0502 43 2.16 5 .9638 4 4.61
75 826 2 .0323 3 0.11 5 .9769 3 3.08
76 827 2 .0077 18 0.14 5 .9800 2 2.78
77 828 2 .0201 27 0.55 5 .9879 1 1.75
78 829 0 .0000 0 0 5 .9879 1 1.75
79 830 2 .0296 52 1.54 5 1.0000 0 0
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T a b l e  1 5 .  Average  d a i l y  p r o p o r t i o n  o f  CPUE, a v e r a g e  c u m u l a t i v e  
p r o p o r t i o n  of CPUE, t h e i r  c o e f f i c i e n t s  of v a r i a t i o n ,  s ta nda rd  d e v i a t i o n s  
(xlOO), and sample s i z e s  f o r  e y e n -y e a rs : 1 9 7 0 ,  1976 -  1982 .  N o r t h e r n  
















26 708 1 .0081 0 0 1 .0080 0 0
27 709 2 .0264 98 2.61 2 .0303 73 2.23
28 710 2 .1301 72 9.46 3 .1069 113 12.10
29 711 1 .0139 0 0 3 .1115 106 11.84
30 712 3 .0217 71 1.54 3 .1333 100 13.37
31 713 4 .0215 36 0.77 4 .1215 110 13.38
32 714 4 .0308 38 1.19 5 .1219 107 13.05
33 715 3 .0306 3 0.11 5 .1403 98 13.76
34 716 3 .0265 20 0.55 5 .1562 91 14.33
35 717 3 .0309 30 0.93 5 .1749 78 13.75
36 718 2 .0420 50 2.11 5 .1917 70 13.48
37 719 3 .0242 27 0.66 5 .2063 67 13.99
38 720 4 .0364 19 0.72 5 .2355 59 14.01
39 721 5 .0411 40 1.68 5 .2766 55 15.27
40 722 5 .0358 50 1.81 5 .3125 51 16.18
41 723 4 .0407 A*T 0.17 5 .3451 48 16.67
42 724 3 .0369 23 0.88 5 .3674 44 16.17
43 725 2 ,0344 9 0.32 5 .3812 42 16,33
44 726 1 .0708 0 0 5 .3953 47 18.79
45 727 3 .0732 34 2.52 5 .4392 49 21.65
46 728 4 .0576 32 1.85 5 .4854 49 24.19
47 729 4 .0496 32 1.60 5 .5252 49 26.10
48 730 4 .0461 37 1.74 5 .5621 49 27.76
49 731 3 .0432 38 1.65 5 .5881 47 27.87
50 801 2 .0736 62 4.58 5 .6176 45 28.15
51 802 1 .0281 0 0 5 .6232 44 27.72
52 803 3 .0741 47 3.48 5 .6676 35 23.47
53 804 4 .0744 45 3.42 5 .7271 28 21.07
54 805 4 .0636 94 6.03 5 .7782 22 17.44
55 806 3 .0675 50 3.37 5 .8188 22 18.69
56 807 3 .0424 7 0.29 5 .8442 22 19.07
57 808 1 .0278 0 0 5 .8498 21 18.41
58 809 2 .0765 68 5.25 5 .8804 16 14.81
59 810 1 .0262 0 0 5 .8856 15 14.07
60 811 2 .0682 64 4.43 5 .9130 12 11.47
61 812 1 .0468 0 0 5 .9224 10 9.90
62 813 2 .0728 21 1.59 5 .9515 7 7.03
63 814 1 .0396 0 0 5 .9593 5 5.59
64 815 2 .0425 43 1.83 5 .9763 4 4.71
65 816 1 .0119 0 0 5 .9787 4 4.23
66 817 1 .0460 0 0 5 .9879 2 2.39
67 818 1 .0405 0 0 5 .9961 0 0.75
68 819 1 .0151 0 0 5 .9991 0 0.15
69 820 0 .0000 0 0 5 .9991 0 0.15
70 821 1 .0036 0 0 5 1 . 0 0 0 0 0 0
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T a b l e  16 .  A verage  d a i l y  p r o p o r t i o n  o f  CPUE, a v e r a g e  c u m u l a t i v e  
p r o p o r t i o n  of CPUE, t h e i r  c o e f f i c i e n t s  of  v a r i a t i o n ,  s t a n d a r d  d e v i a t i o n s  
(xlOO), and sample s i z e s  f o r  e v e n - y e a r s :  19 7 0 ,  1974 -  19 8 2 .  C o g h i l l  
















6 618 1 .0013 0 0 1 .0013 0 0
7 619 1 .0000 0 0 2 .0006 100 0.06
8 620 1 .0008 0 0 2 .0011 18 0.01
9 621 2 .0013 46 0.06 2 .0023 33 0.08
10 622 3 .0023 29 0.06 3 .0040 49 0.19
11 623 2 .0021 14 0.02 3 .0054 39 0.21
12 624 2 .0025 12 0.03 3 .0070 40 0.28
13 625 2 .0023 23 0.05 3 .0087 43 0.37
14 626 2 .0041 9 0.04 3 .0114 21 0.24
15 627 3 .0037 74 0.27 4 .0114 21 0.24
16 628 2 .0055 6 0.03 4 .0142 30 0.43
17 629 3 .0070 61 0.43 4 .0196 42 0.82
18 630 2 .0055 39 0.21 4 .0223 39 0.88
19 701 3 .0093 86 0.81 4 .0294 8 0.23
20 702 3 .0053 13 0.07 4 .0334 8 0.27
21 703 2 .0176 18 0.32 4 .0422 26 1.13
22 704 1 .0054 0 0 4 .0436 29 1.30
23 705 3 .0067 67 0.45 5 .0389 55 2.16
24 706 3 .0080 25 0.20 5 .0436 50 2.20
25 707 3 .0069 34 0.24 5 .0478 47 2.25
26 708 4 .0254 119 3.04 5 .0683 63 4.34
27 709 4 .0289 114 3.30 5 .0916 79 7.28
28 710 4 .0274 100 2.74 5 .1134 86 9.83
29 711 2 .0352 27 0.95 5 .1275 80 10.32
30 712 3 .0682 48 3.31 5 .1685 84 14.20
31 713 4 .0287 54 1.55 5 .1916 69 13.29
32 714 6 .0528 76 4.03 6 .2126 68 14.51
33 715 4 .0727 68 5.00 6 .2611 60 15.83
34 716 4 .0571 77 4.40 6 .2991 62 18.77
35 717 4 .1367 84 11.48 6 .3903 62 24.29
36 718 4 .0706 37 2.67 6 .4374 61 26.95
37 719 3 .0599 73 4.39 6 .4674 63 29.72
38 720 4 .0277 31 0.86 6 .4859 60 29.23
39 721 5 .1029 96 9.89 6 .5717 57 32.76
40 722 4 .0414 31 1.29 6 .5994 52 31.39
41 723 3 .0631 84 5.35 6 .6309 46 29.52
42 724 4 .0717 4 0.29 6 .6789 39 26.65
43 725 1 .0350 0 0 6 .6847 38 26.55
44 726 2 .0627 70 4.40 6 .7057 36 26.01
45 727 3 .0583 35 2.04 6 .7347 33 24.84
46 728 4 .0419 63 2.65 6 .7628 31 23.94
47 729 3 .0813 46 3.74 6 .8034 28 22.64
48 730 3 .0464 25 1.20 6 .8267 27 22.42
49 731 4 .0236 69 1.63 6 .8425 24 20.93
50 801 2 .0791 30 2.44 6 .8688 20 18.06
51 802 1 .0591 0 0 6 .8786 18 16.10
52 803 1 .0607 0 0 6 .8888 15 14.15
53 804 3 .0699 49 3.49 6 .9238 13 12.85
54 805 2 .0606 45 2.78 6 .9440 12 11.69
55 806 1 .0515 0 0 6 .9527 10 9.76


















56 807 2 .0229 37 0.85 6 .9603 9 8.69
57 808 2 .0311 87 2.72 6 .9706 6 6.55
58 809 1 .0320 0 0 6 .9759 5 5.36
59 810 1 .0271 0 0 6 .9804 4 4.35
60 811 0 .0000 0 0 6 .9804 4 4.35
61 812 1 .0271 0 0 6 .9851 3 3.31
62 813 1 .0368 0 0 6 .9911 1 1.97
63 814 1 .0522 0 0 6 1.0000 0 0
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T a b le  1 7 . A verag e  d a i l y  p r o p o r t i o n  o f  CPUE, a v e r a g e  c u m u l a t i v e  
p r o p o r t io n  o f  CPUE, t h e i r  c o e f f i c i e n t s  o f v a r i a t i o n ,  s ta n d a rd  d e v ia t io n s  
(xlOO), and sample s iz e s  f o r  e v e n -y e a rs : 1970, 1974, 1 9 7 6 , 1 9 8 0 , 198 2 . 
















14 626 1 .0143 0 0 1 .0143 0 0
15 627 1 .0022 0 0 1 .0166 0 0
16 628 0 .0000 0 0 1 .0166 0 0
17 629 0 .0000 0 0 1 .0166 0 0
18 630 0 .0000 0 0 1 .0166 0 0
19 701 1 .0053 0 0 1 .0219 0 0
20 702 1 .0059 0 0 1 .0279 0 0
21 703 1 .0044 0 0 1 .0323 0 0
22 704 1 .0168 0 0 1 .0493 0 0
23 705 1 .0480 0 0 1 .0974 0 0
24 706 0 .0000 0 0 1 .0974 0 0
25 707 0 .0000 0 0 1 .0974 0 0
26 708 2 .0560 90 5.08 2 .1047 95 9.95
27 709 2 .0769 63 4.92 2 .1816 81 14.87
28 710 1 .1193 0 0 2 .2413 86 20.83
29 711 1 .0504 0 0 2 .2665 87 23.36
30 712 3 .0489 35 1.73 3 .2267 107 24.29
31 713 3 .0336 15 0.52 4 .1953 111 21.75
32 714 4 .0379 34 1.32 5 .1866 103 19.39
33 715 5 .0317 37 1.19 5 .2184 89 19.62
34 716 5 .0403 35 1.43 5 .2588 78 20.28
35 717 4 .0436 20 0.88 5 .2938 71 21.06
36 718 3 .0510 23 1.17 5 .3244 69 22.68
37 719 3 .0954 97 9.26 5 .3818 81 31.07
38 720 3 .0383 39 1.52 5 .4048 73 29.91
39 721 4 .0386 51 1.99 5 .4357 65 28.54
40 722 4 .0309 47 1.48 5 .4605 59 27.53
41 723 4 .0525 63 3.32 5 .5026 52 26.27
42 724 2 .0554 26 1.48 5 .5248 48 25.25
43 725 2 .0264 51 1.35 5 .5354 46 24.86
44 726 2 .0774 35 2.77 5 .5664 43 24.75
45 727 3 .0624 57 3.60 5 .6039 40 24.72
46 728 3 .0801 38 3.06 5 .6520 38 25.42
47 729 4 .0507 50 2.53 5 .6926 36 25.56
48 730 4 .0698 39 2.77 5 .7485 31 23.89
49 731 4 .0471 70 3.31 5 .7862 26 20.85
50 801 2 .0389 42 1.65 5 .8018 23 18.86
51 802 1 .1033 0 0 5 .8225 19 15.70
52 803 2 .0631 41 2.62 5 .8477 15 13.22
53 804 3 .0611 31 1.95 5 .8844 12 11.10
54 805 3 .0504 15 0.78 5 .9147 10 9.46
55 806 2 .0470 27 1.26 5 .9336 8 8.15
56 807 2 .0560 17 0.97 5 .9560 5 5.38
57 808 2 .0290 88 2.56 5 .9676 4 4.27
58 809 1 .0387 0 0 5 .9754 4 4.13
59 810 1 .0166 0 0 5 .9787 4 4.25
60 811 1 .0325 0 0 5 .9852 2 2.94
61 812 1 .0414 0 0 5 .9935 1 1.28
62 813 1 .0133 0 0 5 .9962 0 0.75
63 814 1 .0104 0 0 5 .9983 0 0.33
64 815 1 .0084 0 0 5 1.0000 0 0
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T a b le  1 8 . A verage  d a i l y  p r o p o r t i o n  o f  CPUE, a v e r a g e  c u m u l a t i v e  
p ro p o r t io n  o f CPUE, t h e i r  c o e f f ic i e n t s  o f v a r i a t i o n ,  s ta n d a rd  d e v ia t io n s  
(x lO O ), and  sam ple s i z e s  f o r  e v e n - y e a r s :  1 9 7 0 , 1 9 7 6 ,  1 9 8 0 ,  1 9 8 2 .  
















24 706 1 .0041 0 0 1 .0041 0 0
25 707 1 .0153 0 0 2 .0097 57 0.55
26 708 1 .0048 0 0 2 .0121 66 0.80
27 709 1 .0141 0 0 2 .0192 78 1.51
28 710 1 .0165 0 0 2 .0275 85 2.34
29 711 0 .0000 0 0 2 .0275 85 2.34
30 712 3 .0211 48 1.03 3 .0395 36 1.44
31 713 3 .0313 56 1.77 3 .0709 16 1.14
32 714 4 .0170 32 0.54 4 .0702 42 2.96
33 715 4 .0240 42 1.01 4 .0943 31 3.01
34 716 4 .0239 37 0.90 4 .1183 30 3.56
35 717 4 .0467 108 5.08 4 .1650 44 7.27
36 718 3 .0155 12 0.19 4 .1767 42 7.56
37 719 2 .0222 2 0.06 4 .1878 42 7.99
38 720 3 .0270 35 0.94 4 .2082 44 9.22
39 721 4 .0276 29 0.81 4 .2359 42 10.01
40 722 4 .0328 48 1.57 4 .2687 42 11.54
41 723 4 .0349 40 1.42 4 .3037 41 12.53
42 724 3 .0289 51 1.49 4 .3255 37 12.36
43 725 3 .0338 47 1.62 4 .3509 35 12.41
44 726 3 .0278 38 1.08 .3718 34 12.68
45 727 3 .0392 33 1.31 4 .4013 35 14.41
46 728 4 .0371 34 1.29 4 .4386 35 15.66
47 729 4 .0351 43 1.52 4 .4737 36 17.12
48 730 4 .0331 32 1.06 4 .5069 35 18.16
49 731 4 .1017 112 11.42 4 .6087 45 27.45
50 801 3 .0268 24 0.65 4 .6289 42 26.54
51 802 1 .0247 0 0 4 .6350 41 26.24
52 803 2 .0417 26 1.10 4 .6559 40 26.48
53 804 3 .0353 19 0.68 4 .6824 37 25.71
54 805 3 .0321 24 0.78 4 .7066 35 25.17
55 806 3 .0330 51 1.70 4 .7314 34 25.16
56 807 3 .0253 39 1.00 .7504 33 25.12
57 808 2 .0205 19 0.39 4 .7607 31 24.26
58 809 1 .0211 0 0 4 .7660 31 24.07
59 810 1 .0175 0 0 4 .7704 31 23.94
60 811 2 .0204 23 0.47 4 .7806 29 22.88
61 812 2 .0191 15 0.30 4 .7902 28 22.12
62 813 2 .0195 25 0.50 4 .8000 26 21.44
63 814 2 .0205 45 0.92 4 .8103 25 20.91
64 815 2 .0141 30 0.42 4 .8173 25 20.50
65 816 1 .0174 0 0 4 .8217 24 20.50
66 817 1 .0171 0 0 4 .8260 24 20.54
67 818 2 .1602 88 14.11 4 .9061 9 8.51
68 819 2 .0273 40 1.09 4 .9198 7 6.97
69 820 1 .0172 0 0 4 .9241 7 6.79
70 821 1 .0120 0 0 4 .9271 7 6.72
71 822 2 .0985 78 7.77 4 .9764 2 2.66
72 823 1 .0098 0 0 4 .9789 2 2.28
73 824 2 .0242 21 0.51 4 .9910 1 1.53
















74 825 1 .0086 0 0 4 .9932 1 1.16
75 826 1 .0099 0 0 4 .9957 0 0.73
7 6 827 1 .0041 0 0 4 .9967 0 0.55
77 828 0 .0000 0 0 4 .9967 0 0.55
78 829 0 .0000 0 0 4 .9967 0 0.55
79 830 0 .0000 0 0 4 .9967 0 0.55
80 831 0 .0000 0 0 4 .9967 0 0.55
81 901 0 .0000 0 0 4 .9967 0 0.55
82 902 0 .0000 0 0 4 .9967 0 0.55
83 903 0 .0000 0 0 4 .9967 0 0.55
84 904 0 .0000 0 0 4 .9967 0 0.55
85 905 0 .0000 0 0 4 .9967 0 0.55
86 906 0 .0000 0 0 4 .9967 0 0.55
87 907 0 .0000 0 0 4 .9967 0 0.55
88 908 0 .0000 0 0 4 .9967 0 0.55
89 909 0 .0000 0 0 4 .9967 0 0.55
90 910 0 .0000 0 0 4 .9967 0 0.55
91 911 0 .0000 0 0 4 .9967 0 0.55
92 912 0 .0000 0 0 4 .9967 0 0.55
93 913 0 .0000 0 0 4 .9967 0 0.55
94 914 1 .0127 0 0 4 1.0000 0 0
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T a b le  1 9 . A verag e  d a i l y  p r o p o r t i o n  o f  CPUE, a v e r a g e  c n m n l a t i v e  
p ro p o r t io n  o f CPUE, t h e i r  c o e f f ic i e n t s  o f v a r i a t i o n ,  s ta n d a rd  d e v ia t io n s  
(xlOO), and sample s iz e s  fo r  e v en -y ea rs : 1970, 1976-1982. S o u th e a s te r n  
















30 712 1 .0722 0 0 1 .0722 0 0
31 713 1 .0555 0 0 1 .1278 0 0
32 714 2 .0203 3 0.07 2 .0842 76 6.46
33 715 2 .0295 36 1.07 2 .1138 66 7.55
34 716 2 .0511 28 1.47 2 .1649 36 6.07
35 717 1 .0403 0 0 2 .1851 21 4.04
36 718 1 .0334 0 0 2 .2018 11 2.37
37 719 1 .0483 0 0 2 .2260 21 4.79
38 720 1 .0308 0 0 2 ,2414 26 6.33
39 721 2 .0501 6 0.31 .2916 20 6.02
40 722 2 .0670 6 0.42 2 .3587 15 5.60
41 723 2 .0511 1 0.06 2 .4098 13 5.67
42 724 1 .0486 0 0 2 .4342 7 3.23
43 725 1 .0469 0 0 2 .4577 1 0.88
44 726 1 .1560 0 0 2 .5357 16 8.69
45 727 2 .1612 35 5.77 3 .4646 44 20.73
46 728 3 .1323 80 10.60 3 .5970 22 13.68
47 729 4 .1136 91 10.45 4 .5614 61 34.30
48 730 4 .0745 30 2.27 4 ,6360 56 35.89
49 731 3 .0473 36 1.71 4 .6715 51 34.42
50 801 3 .0573 33 1.94 4 .7145 47 33.87
51 802 1 .0420 0 0 4 .7251 44 32.19
52 803 2 .1942 83 16.17 5 .6578 47 31.49
53 804 3 .1206 79 9.63 5 .7301 37 27.26
54 805 2 .0415 8 0.35 5 .7468 35 26.17
55 806 2 .0744 12 0.92 5 .7765 31 24.65
56 807 2 .0630 3 0.20 5 .8018 29 23.29
57 808 2 .0305 41 1.25 5 .8140 27 22.23
58 809 2 .1454 76 11.10 5 .8722 21 18.39
59 810 1 .0233 0 0 5 .8768 19 17.50
60 811 2 .0854 57 4.91 5 .9110 18 16.68
61 812 1 .0653 0 0 5 .9241 15 14.07
62 813 1 .0683 0 0 5 .9378 12 11.34
63 814 1 .0842 0 0 5 .9546 8 7.99
64 815 1 .0345 0 0 5 .9615 6 6.62
65 816 1 .0644 0 0 5 .9744 4 4.07
66 817 1 .0270 0 0 5 .9798 3 3.03
67 818 2 .0278 56 1.56 5 .9910 1 1.34
68 819 2 .0222 55 1.22 5 1.0000 0 0
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T a b le  2 0 . A v erag e  d a i l y  p r o p o r t i o n  o f  CPUE, a v e r a g e  c u m u l a t i v e  
p ro p o r t io n  o f CPUE, t h e i r  c o e f f ic i e n t s  o f v a r i a t i o n ,  s ta n d a rd  d e v ia t io n s  
(zlOO ), and sample s iz e s  f o r  o d d -y ea rs : 1969 -  1981. E a s te rn  d i s t r i c t ,  
















5 617 1 .0070 0 0 1 .0070 0 0
6 618 0 .0000 0 0 1 .0070 0 0
7 619 0 .0000 0 0 1 .0070 0 0
8 620 0 .0000 0 0 1 .0070 0 0
9 621 0 .0000 0 0 1 .0070 0 0
10 622 0 .0000 0 0 1 .0070 0 0
11 623 0 .0000 0 0 1 .0070 0 0
12 624 1 .0166 0 0 1 .0236 0 0
13 625 3 .0204 29 0.60 3 .0283 23 0.67
14 626 2 .0136 25 0.34 3 .0374 32 1.20
15 627 2 .0635 27 1.77 4 .0598 46 2.80
16 628 2 .0481 32 1.56 4 .0839 61 5.17
17 629 3 .0267 69 1.84 .1041 66 6.96
18 630 3 .0231 45 1.04 4 .1214 68 8.31
19 701 2 .0191 68 1.31 4 .1310 71 9.33
20 702 3 .0133 36 0.48 4 ,1410 71 10.03
21 703 2 .0085 25 0.21 4 .1453 69 10.05
22 704 3 .0116 85 0.99 4 .1541 71 11.00
23 705 2 .0195 30 0,60 4 .1639 73 12.05
24 706 3 .0176 36 0.63 4 .1772 73 12.94
25 707 3 .0190 33 0.63 4 .1914 71 13.63
26 708 2 .0160 4 0.06 4 .1995 70 14.00
27 709 2 .0182 1 0.02 4 .2087 66 13.98
28 710 2 .0162 18 0.30 4 .2168 64 14.07
29 711 2 .0280 23 0.66 4 .2308 67 15.47
30 712 3 .0233 24 0.57 5 .1987 87 17.47
31 713 4 .0239 39 0.95 5 .2178 83 18.28
32 714 6 .0242 78 1.90 6 .2058 88 18.12
33 715 5 .0264 63 1.68 6 .2279 78 17.96
34 716 6 .0224 50 1.13 6 .2503 73 18.28
35 717 6 .0258 57 1.47 6 .2762 69 19.33
36 718 5 .0334 47 1,57 6 .3041 66 20.22
37 719 4 .0175 53 0.93 6 .3158 66 21.02
38 720 5 .0275 36 0.99 6 .3388 62 21.34
39 721 6 .0346 63 2.21 6 .3736 55 20.88
40 722 5 .0401 56 2.27 6 .4070 50 20.54
41 723 6 .0408 54 2.22 7 .3839 58 22.40
42 724 7 .0345 76 2.62 7 .4184 50 21.29
43 725 6 .0729 71 5.22 7 .4811 44 21.34
44 726 6 .0316 81 2.57 7 .5083 41 20.90
45 727 5 .0334 51 1.71 7 .5322 39 21.03
46 728 6 .0320 71 2.29 7 .5596 38 21.32
47 729 6 .0332 37 1.25 7 .5882 35 21.17
48 730 7 .0530 54 2.90 7 .6412 33 21.20
49 731 6 .0560 57 3.23 7 .6893 29 20.01
50 801 5 .0400 51 2.05 7 .7180 28 20.42
51 802 5 .0435 36 1.58 7 .7491 25 19.02
52 803 5 .0385 46 1.79 7 .7767 22 17.80
53 804 5 .0407 46 1.90 7 .8058 19 15.97
54 805 5 .0369 66 2.44 7 .8323 17 14.40
















55 806 6 .0380 49 1.88 7 .8649 15 13.59
56 807 5 .0318 67 2.13 7 .8877 13 12.05
57 808 4 .0268 27 0.73 7 .9031 13 12.48
58 809 3 .0274 84 2.31 7 .9149 11 10.52
59 810 3 .0289 78 2.27 7 .9274 9 8.56
60 811 3 .0309 39 1.23 7 .9407 7 6.95
61 812 2 .0260 67 1.76 7 .9481 5 5.67
62 813 3 .0168 35 0.59 7 .9553 5 5.09
63 814 4 .0184 49 0.90 7 .9659 4 4.17
64 815 2 .0312 62 1.95 7 .9748 3 2.94
65 816 2 .0322 67 2.17 7 .9841 2 2.50
66 817 1 .0119 0 0 7 .9858 2 2.23
67 818 0 .0000 0 0 7 .9858 2 2.23
68 819 0 .0000 0 0 7 .9858 2 2.23
69 820 1 .0127 0 0 7 .9876 2 1.99
70 821 1 .0120 0 0 7 .9893 1 1.84
71 822 1 .0099 0 0 7 .9908 1 1.77
72 823 1 .0071 0 0 7 .9918 1 1.77
73 824 2 .0062 10 0.06 7 .9936 1 1.55
74 825 0 .0000 0 0 7 .9936 1 1.55
75 826 0 .0000 0 0 7 .9936 1 1.55
76 827 0 .0000 0 0 7 .9936 1 1.55
77 828 0 .0000 0 0 7 .9936 1 1.55
78 829 0 .0000 0 0 7 .9936 1 1.55
79 830 0 .0000 0 0 7 .9936 1 1.55
80 831 1 .0444 0 0 7 1.0000 0 0
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T a b le  2 1 . A verage  d a i l y  p r o p o r t i o n  o f  CPUE. a v e r a g e  c u m u l a t i v e  
p ro p o r t io n  of CPUE, t h e i r  c o e f f i c i e n t s  of v a r i a t i o n ,  s ta n d a rd  d e v ia t io n s  
(xlOO), and sample s iz e s  fo r  o d d -y ea rs : 1969 -  1981. N orthern  d i s t r i c t .  
















12 624 1 .0201 0 0 1 .0201 0 0
13 625 1 .0115 0 0 1 .0317 0 0
14 626 1 .0100 0 0 1 .0418 0 0
15 627 1 .0115 0 0 1 .0533 0 0
16 628 0 .0000 0 0 1 .0533 0 0
17 629 1 .0054 0 0 1 .0587 0 0
18 630 1 .0058 0 0 1 .0646 0 0
19 701 1 .0116 0 0 1 .0763 0 0
20 702 1 .0083 0 0 1 .0847 0 0
21 703 1 .0077 0 0 1 .0924 0 0
22 704 1 .0290 0 0 2 .0607 52 3.17
23 705 1 .0269 0 0 2 .0741 24 1.82
24 70 6 2 .0262 12 0.33 2 .1004 14 1.49
25 707 2 .0236 6 0.15 2 .1241 10 1.33
26 708 2 .0368 43 1.61 2 .1610 1 0.28
27 709 3 .0480 43 2.07 3 .1554 42 6.65
28 710 2 .0212 45 0.96 3 .1696 31 5.38
29 711 2 .0224 19 0.43 3 .1846 30 5.57
30 712 3 .0311 46 1.43 4 .1618 60 9.87
31 713 4 .0375 42 1.58 4 .1994 52 10.55
32 714 5 .0305 51 1.56 6 .1584 78 12.36
33 715 5 .0535 66 3.58 6 .2030 66 13.43
34 716 5 .0383 64 2.47 6 .2350 58 13.66
35 717 4 .0301 52 1.57 6 .2551 54 13.97
36 718 4 .0390 50 1.95 6 .2812 54 15.43
37 719 4 .0330 58 1.91 6 .3032 50 15.20
38 720 4 .0646 55 3.57 6 .3463 51 17.89
39 721 6 .0453 36 1.67 6 .3917 48 19.10
40 722 5 .0601 29 1.76 6 .4419 46 20.53
41 723 6 .0562 55 3.10 7 .4270 52 22.23
42 724 6 .0498 65 3.26 7 .4697 44 20.68
43 725 5 .0927 51 4.73 7 .5360 38 20.77
44 726 5 .0507 60 3.05 7 .5723 36 20.86
45 727 5 .0571 92 5.29 7 .6131 34 21.33
46 728 5 .0542 60 3.26 7 .6519 33 21.53
47 729 5 .0486 22 1.09 7 .6867 31 21.35
48 730 6 .0613 48 2.98 7 .7394 27 20.69
49 731 5 .0498 45 2.28 7 .7750 24 19.28
50 801 4 .0751 26 1.98 7 .8179 23 19.47
51 802 3 .0740 58 4.31 7 .8497 20 17.81
52 803 3 .0604 75 4.58 7 .8757 19 17.26
53 804 4 .0328 51 1.69 7 ,8945 18 16.36
54 805 3 .0317 51 1.63 7 .9081 16 14.96
55 806 2 .0420 28 1.20 7 .9201 14 13.34
56 807 3 .0512 71 3.68 7 .9421 12 12.08
57 808 1 .0544 0 0 7 .9499 12 12.25
58 809 1 .0947 0 0 7 .9634 9 8.93
59 810 1 .0886 0 0 7 .9761 5 5.83
60 811 1 .0566 0 0 7 .9842 3 3.85
61 812 1 .0405 0 0 7 .9900 2 2.43

















62 813 1 .0364 0 0 7 .9952 1 1.15
63 814 0 .0000 0 0 7 .9952 1 1.15
64 815 0 .0000 0 0 7 .9952 1 1.15
65 816 1 .0330 0 0 7 1.0000 0 0
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T a b le  2 2 . A verage  d a l l y  p r o p o r t i o n  o f  CPUE, a v e r a g e  c u m u l a t i v e  
p ro p o r t io n  o f  CPUE, t h e i r  c o e f f ic i e n t s  o f v a r i a t i o n ,  s ta n d a rd  d e v ia t io n s  
(zlOO ), and sample s iz e s  fo r  o d d -y ea rs : 1969 -  1981. C o g h ill d i s t r i c t .  













Prop. c .v .
S.D.
zlOO
2 614 1 .0001 0 0 1 .0001 0 0
3 615 0 .0000 0 0 1 .0001 0 0
4 616 0 .0000 0 0 1 .0001 0 0
5 617 1 .0012 0 0 1 .0013 0 0
6 618 1 .0015 0 0 1 .0029 0 0
7 619 1 .0005 0 0 1 .0034 0 0
8 620 3 .0010 96 0.09 3 .0021 78 0.16
9 621 4 .0013 96 0.12 4 .0029 101 0.30
10 622 3 .0009 133 0,12 5 ,0029 119 0.35
11 623 3 .0026 136 0.36 5 .0045 132 0.60
12 624 2 .0001 0 0 5 .0045 131 0.60
13 625 5 .0025 136 0.35 6 .0059 95 0.56
14 626 5 .0006 88 0.05 6 .0065 87 0.57
15 627 5 .0134 108 1.45 7 .0151 121 1.84
16 628 5 .0045 112 0.51 7 .0184 125 2.31
17 629 5 .0269 149 4.02 7 .0377 148 5.58
18 630 6 .0167 137 2.29 7 .0520 149 7.77
19 701 5 .0061 113 0.69 7 .0564 139 7.88
20 702 7 .0053 103 0.55 7 .0618 136 8.41
21 703 5 .0088 105 0.92 7 .0680 128 8.74
22 704 5 .0122 118 1.45 7 .0768 121 9.36
23 705 5 .0095 107 1.01 7 .0836 118 9.91
24 706 6 .0157 110 1.73 7 .0971 115 11.19
25 707 4 .0168 137 2.31 7 .1067 115 12.28
26 708 5 .0186 75 1.40 7 .1200 107 12.92
27 709 6 .0425 136 5.81 7 .1565 111 17.37
28 710 5 .0147 100 1.48 7 .1670 100 16.74
29 711 4 .0209 69 1.44 7 .1790 98 17.68
30 712 5 .0485 76 3.70 7 .2136 93 19.88
31 713 4 .0361 43 1.55 7 .2343 90 21.23
32 714 4 .0256 57 1.48 7 .2489 84 20.96
33 715 3 .0283 10 0.30 7 .2611 81 21.39
34 716 6 .0308 70 2.17 7 .2876 71 20.45
35 717 4 .1038 67 6.98 7 .3469 66 23.21
36 718 4 .0435 55 2.42 7 .3718 64 24.04
37 719 4 .0385 70 2.73 7 .3938 65 25.72
38 720 3 .0263 61 1.62 7 .4050 63 25.84
39 721 5 .0685 40 2.74 7 .4540 56 25.43
40 722 4 .0434 53 2.30 7 .4788 50 24.38
41 723 3 .0553 41 2.29 7 .5026 48 24.30
42 724 3 .0891 67 5.97 7 .5408 39 21.26
43 725 4 .0402 63 2.54 7 .5638 40 23.09
44 726 4 .0580 58 3.37 7 .5969 39 23.75
45 727 3 .0650 52 3.42 7 .6248 40 25.39
46 728 4 .0906 96 8.70 7 .6766 31 21.39
47 729 4 .0549 51 2.81 7 .7080 28 20.19
48 730 4 .0351 71 2.52 7 .7280 26 19.59
49 731 5 .0416 78 3.27 7 .7578 26 19.73
50 801 3 .1001 71 7.18 7 .8007 20 16.10
51 802 2 .0877 68 6.00 7 .8258 18 15.43


















52 803 3 .1979 70 14.02 7 .9106 14 12.82
53 804 4 .0726 60 4.42 7 .9521 9 8.86
54 805 3 .1007 112 11.29 7 .9953 1 1.14
55 806 1 .0326 0 0 7 1.0000 0 0
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T a b le  2 3 . A verage  d a i l y  p r o p o r t i o n  o f  CPUE, a v e r a g e  c u m u l a t i v e  
p ro p o r t io n  o f CPUE, t h e i r  c o e f f ic i e n t s  o f v a r i a t i o n ,  s ta n d a rd  d e v ia t io n s  
(xlO O ), and sam ple  s i z e s  f o r  o d d - y e a r s :  1969 -  1981 . N o r th w e s te rn  
















15 627 1 .0632 0 0 1 .0632 0 0
16 628 1 .0290 0 0 1 .0921 0 0
17 629 1 .0388 0 0 1 .1310 0 0
18 630 2 .0064 96 0.62 2 .0719 99 7.16
19 701 2 .0103 94 0.96 2 .0820 99 8.14
20 702 3 .0080 77 0.62 4 .0470 143 6.74
21 703 3 .0063 136 0.86 4 .0517 125 6.51
22 704 3 .0151 139 2.11 5 .0505 157 7.96
23 705 3 .0431 75 3.25 5 .0763 127 9.74
24 706 2 .0503 40 2.03 5 .0965 118 11.39
25 707 2 .0184 38 0.71 5 .1038 116 12.09
26 708 2 .0222 54 1.21 5 .1128 116 13.16
27 709 2 .0289 62 1.80 5 .1244 108 13.50
28 710 2 .0181 2 0.03 5 .1316 102 13.52
29 711 4 .0238 46 1.10 5 .1507 95 14.46
30 712 3 .0257 60 1.54 6 .1384 109 15.13
31 713 3 .0439 79 3.50 6 .1604 109 17.63
32 714 5 .0310 55 1.73 6 .1863 92 17.17
33 715 4 .0318 49 1.56 6 .2075 85 17.78
34 716 6 .0391 57 2.23 6 .2467 74 18.30
35 717 4 .0458 28 1.29 6 .2773 66 18.30
36 718 5 .0685 65 4.47 6 .3344 62 20.75
37 719 5 .0429 56 2.40 6 .3702 60 22.55
38 720 4 .0565 83 4.71 6 .4079 62 25.54
39 721 5 .0352 67 2.37 6 .4373 56 24.90
40 722 4 .0430 47 2.06 6 .4660 50 23.49
41 723 5 .0451 43 1.94 6 .5035 46 23.61
42 724 5 .0680 92 6.28 7 .4802 51 24.69
43 725 5 .0429 25 1.10 7 .5108 52 26.66
44 726 4 .0374 30 1.15 7 .5322 49 26.61
45 727 4 .0817 75 6.18 7 .5789 43 25.28
46 728 5 .0730 40 2.97 7 .6311 36 23.18
47 729 5 .0592 41 2.42 7 .6734 31 20.93
48 730 6 .0853 64 5.46 7 .7465 30 22.44
49 731 5 .0569 73 4.16 7 .7872 26 20.97
50 801 3 .0483 38 1.85 7 .8079 26 21.51
51 802 3 .0536 81 4.35 7 .8309 22 18.38
52 803 3 .0781 61 4.77 7 .8644 18 15.82
53 804 4 .0787 36 2.89 7 .9093 14 13.36
54 805 3 .0754 23 1.78 7 .9417 10 10.19
55 806 3 .0602 52 3.17 7 .9675 8 7.95
56 807 0 .0000 0 0 7 .9675 8 7.95
57 808 1 .1472 0 0 7 .9885 2 2.80
58 809 1 .0744 0 0 7 .9991 0 0.19
59 810 1 .0057 0 0 7 1.0000 0 0
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T a b le  2 4 . A verage  d a i l y  p r o p o r t i o n  o f  CPUE. a v e r a g e  c u m u l a t i v e  
p ro p o r t io n  o f CPUE, t h e i r  c o e f f ic i e n t s  o f v a r i a t i o n ,  s ta n d a rd  d e v ia t io n s  
(xlO O), and sam ple s i z e s  f o r  o d d - y e a r s :  1969 -  1981 . S o u th w e s te rn  
















4 616 1 .0129 0 0 1 .0129 0 0
5 617 0 .0000 0 0 1 ,0129 0 0
6 618 0 .0000 0 0 1 .0129 0 0
7 619 0 .0000 0 0 1 .0129 0 0
8 620 0 .0000 0 0 1 .0129 0 0
9 621 0 .0000 0 0 1 .0129 0 0
10 622 0 .0000 0 0 1 .0129 0 0
11 623 1 .0269 0 0 1 .0398 0 0
12 624 1 .0126 0 0 .0525 0 0
13 625 0 .0000 0 0 1 .0525 0 0
14 626 0 .0000 0 0 1 .0525 0 0
15 627 1 .0148 0 0 2 .0336 56 1.88
16 628 1 .0095 0 0 2 .0383 36 1.41
17 629 2 .0007 57 0.04 3 .0260 81 2.13
18 630 1 .0006 0 0 3 .0262 80 2.10
19 701 2 .0074 91 0.68 3 .0312 69 2.16
20 702 2 .0042 74 0.31 4 ,0255 82 2.10
21 703 2 .0028 57 0.16 4 .0269 73 1.98
22 704 2 .0110 45 0,49 4 .0325 68 2.21
23 705 4 .0410 117 4.83 4 .0735 88 6.47
24 706 3 .0123 67 0.83 4 .0827 76 6.33
25 707 2 .0175 73 1.28 4 .0915 71 6.57
26 708 2 .0109 32 0.35 4 .0970 68 6.63
27 709 3 .0093 21 0.19 4 .1040 61 6.34
28 710 2 .0080 37 0.30 4 .1080 55 5.97
29 711 3 .0148 43 0.65 4 .1192 50 6.01
30 712 4 .0153 75 1.15 5 .1076 72 7.75
31 713 4 .0144 74 1.08 5 .1191 70 8.40
32 714 6 .0180 57 1.04 6 .1172 79 9.29
33 715 6 .0161 68 1.10 6 .1334 73 9.83
34 716 6 .0152 57 0.86 6 .1487 66 9.90
35 717 5 .0166 60 1.01 6 .1625 59 9.66
36 718 5 .0234 43 1,01 6 .1821 57 10.55
37 719 4 .0218 36 0.79 6 .1966 57 11.38
38 720 4 .0229 58 1.33 6 .2119 57 12.29
39 721 6 .0287 66 1,91 6 .2406 53 12.98
40 722 6 .0337 65 2.22 6 .2744 53 14.60
41 723 7 .0649 93 6.08 7 .3001 68 20.57
42 724 6 .0385 87 3.39 7 .3332 59 19.74
43 725 6 .0492 70 3.44 7 .3754 56 21.15
44 726 6 .0384 77 2.99 7 .4084 53 21.83
45 727 6 .0400 52 2.10 7 .4427 51 22.62
46 728 6 .0449 47 2.11 7 .4812 48 23.30
47 729 6 .0415 40 1.69 7 .5168 47 24.39
48 730 6 .0531 58 3.08 7 .5624 42 24.01
49 731 6 .0492 64 5.18 7 .6046 39 23.98
50 801 4 .0638 40 2.58 7 .6411 39 25.40
51 802 5 .0474 51 2.43 7 .6749 38 25.85
52 803 4 .0500 72 3.63 7 .7035 37 26.26
53 804 5 .0442 57 2.55 7 .7351 35 26.22
















54 805 5 .0617 66 4.11 7 .7793 33 26.15
55 806 5 .0328 51 1.69 7 .8027 32 26.39
56 807 4 .0266 56 1.51 7 .8179 32 26.27
57 808 3 .0167 63 1.06 7 .8251 31 26.39
58 809 2 .0341 71 2.43 7 .8349 31 26.17
59 810 2 .0365 41 1.50 7 .8453 30 26.10
60 811 2 .0981 56 5.55 7 .8733 23 20.93
61 812 3 .0357 84 3.03 7 .8886 20 18.42
62 813 2 .0261 36 0.94 7 .8961 20 18.48
63 814 2 .0178 66 1.18 7 .9012 20 18.61
64 815 2 .0939 82 7,73 7 .9281 13 12.77
65 816 2 .0150 45 0.68 7 .9323 13 12.88
66 817 1 .0120 0 0 7 .9341 13 12.84
67 818 0 .0000 0 0 7 .9341 13 12.84
68 819 0 .0000 0 0 7 .9341 13 12.84
69 820 2 .0779 55 4.31 7 .9563 9 8.64
70 821 0 .0000 0 0 7 .9563 9 8.64
71 822 1 .1379 0 0 7 .9760 4 4.07
72 823 0 .0000 0 0 7 .9760 4 4.07
73 824 1 .1020 0 0 7 .9906 1 1.91
74 825 1 .0067 0 0 7 .9915 1 1.92
75 826 0 .0000 0 0 7 ,9915 1 1.92
76 827 0 .0000 0 0 7 .9915 1 1.92
77 828 0 .0000 0 0 7 .9915 1 1.92
78 829 0 .0000 0 0 7 .9915 1 1.92
79 830 0 .0000 0 0 7 .9915 1 1.92
80 831 1 .0036 0 0 7 .9920 1 1.93
81 901 0 .0000 0 0 7 .9920 1 1.93
82 902 0 .0000 0 0 7 .9920 1 1.93
83 903 0 .0000 0 0 7 .9920 1 1.93
84 904 0 .0000 0 0 7 .9920 1 1.93
85 905 0 .0000 0 0 7 .9920 1 1.93
86 906 0 .0000 0 0 7 .9920 1 1.93
87 907 0 .0000 0 0 7 .9920 1 1.93
88 908 0 .0000 0 0 7 .9920 1 1.93
89 909 0 .0000 0 0 7 .9920 1 1.93
90 910 0 .0000 0 0 7 .9920 1 1.93
91 911 0 .0000 0 0 7 .9920 1 1.93
92 912 1 .0554 0 0 7 1.0000 0 0
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T a b le  2 5 . A v erag e  d a i l y  p r o p o r t i o n  o f  CPUE, a v e r a g e  c u m u l a t i v e  
p ro p o r t io n  of CPUE, t b e i r  c o e f f i c i e n t s  o f v a r i a t i o n ,  s ta n d a rd  d e v ia t io n s  
(xlOO) , and sample s iz e s  f o r  o d d -y ea rs : 1973 -  1981. Montague d i s t r i c t .  
















30 712 1 .0555 0 0 1 .0555 0 0
31 713 1 .0142 0 0 1 .0697 0 0
32 714 1 .0479 0 0 1 .1176 0 0
33 715 0 .0000 0 0 1 .1176 0 0
34 716 1 .0376 0 0 1 .1552 0 0
35 717 1 .0399 0 0 1 .1951 0 0
36 718 1 .0421 0 0 1 .2372 0 0
37 719 1 .0316 0 0 1 .2687 0 0
38 720 1 .0290 0 0 1 .2978 0 0
39 721 0 .0000 0 0 1 .2978 0 0
40 722 0 .0000 0 0 1 .2978 0 0
41 723 2 .0443 27 1.24 .1931 70 13.64
42 724 4 .1341 84 11.28 4 .2307 48 11.27
43 725 4 .1144 63 7.22 5 .2760 51 14.27
44 726 4 .1127 64 7.24 5 .3662 46 16.99
45 727 4 .1054 52 5.50 5 .4506 45 20.28
46 728 4 .1060 40 4.30 5 .5354 32 17.28
47 729 4 .0967 62 6.08 5 .6128 30 18.70
48 730 5 .1028 51 5.25 5 .7156 23 16.50
49 731 4 .0733 21 1.57 5 .7743 17 13.79
50 801 4 .0660 27 1.79 5 .8271 14 12.19
51 802 2 .0591 19 1.16 5 .8508 14 12.42
52 803 3 .0276 68 1.89 5 .8674 12 11.24
53 804 3 .0966 48 4.65 5 .9253 7 6.73
54 805 1 .0917 0 0 5 .9437 5 4.78
55 806 2 .0537 50 2.69 5 .9652 4 4.70
56 807 1 .0254 0 0 5 .9703 4 4.58
57 808 1 .0163 0 0 5 .9735 4 4.62
58 809 0 .0000 0 0 5 .9735 4 4.62
59 810 2 .0314 94 2.97 5 .9861 2 2.22
60 811 2 .0315 61 1.94 5 .9987 0 0.25
61 812 1 .0064 0 0 5 1.0000 0 0
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T a b l e  26 .  Average  d a i l y  p r o p o r t i o n  o f  CPUE, a v e r a g e  c u m u l a t i v e  
p r o p o r t i o n  o f CPUE, t b e i r  c o e f f i c i e n t s  of  v a r i a t i o n ,  s t a n d a rd  d e v i a t i o n s  
(xlOO), and sample  s i z e s  f o r  o d d - y e a r s :  1969 -  1 9 8 1 . S o u t h e a s t e r n  
















12 624 1 .0095 0 0 1 .0095 0 0
13 625 0 .0000 0 0 1 .0095 0 0
14 626 0 .0000 0 0 1 .0095 0 0
15 627 0 .0000 0 0 1 .0095 0 0
16 628 0 .0000 0 0 1 .0095 0 0
17 629 0 .0000 0 0 1 .0095 0 0
18 630 0 .0000 0 0 1 .0095 0 0
19 701 0 .0000 0 0 1 .0095 0 0
20 702 0 .0000 0 0 1 .0095 0 0
21 703 1 .0217 0 0 2 .0156 39 0.61
22 704 3 .0295 58 1.71 3 .0399 35 1.40
23 705 1 .0522 0 0 3 .0573 61 3.51
24 706 2 .0273 67 1.84 3 .0755 72 5.48
25 707 2 .0293 46 1.34 3 .0950 76 7.24
26 708 2 .0271 24 0.65 3 .1131 75 8.56
27 709 2 .0314 15 0.49 4 .1005 81 8.19
28 710 2 .0256 28 0.74 4 .1134 68 7.75
29 711 3 .0331 42 1.39 4 .1382 68 9.40
30 712 2 .0397 29 1.17 4 .1581 70 11.12
31 713 4 .0273 64 1.76 5 .1483 91 13.50
32 714 6 .0255 57 1.47 6 .1491 94 14.05
33 715 5 .0423 21 0.92 6 .1844 80 14.78
34 716 6 .0370 45 1.69 6 .2214 71 15.86
35 717 6 .0318 75 2.40 6 .2533 61 15.57
36 718 5 .0567 35 2.03 6 .3005 59 17.77
37 719 4 .0363 41 1.51 6 .3248 57 18.70
38 720 4 .0310 51 1.58 6 .3455 57 19.87
39 721 6 .0346 43 1.52 6 .3800 53 20.25
40 722 6 .0347 46 1.62 6 .4147 49 20.48
41 723 7 .0502 75 3.80 7 .4057 55 22.68
42 724 5 .0519 68 3.55 7 .4428 48 21.38
43 725 5 .0597 40 2.41 7 .4855 44 21.76
44 726 5 .0515 82 4.25 7 .5224 41 21.83
45 727 5 .0500 48 2.40 7 .5581 40 22.34
46 728 6 .0488 26 1.29 7 .5999 37 22.29
47 729 5 .0462 32 1.49 7 .6330 35 22.25
48 730 6 .0610 30 1.89 7 .6853 30 20.63
49 731 5 .0581 35 2.07 7 .7269 29 21.18
50 801 5 .0507 27 1.37 7 .7631 28 21.91
51 802 4 .0478 27 1.31 7 .7904 25 20.47
52 803 4 .0443 42 1.89 7 .8158 24 20.04
53 804 4 .0438 43 1.91 7 .8408 22 18.56
54 805 4 .0394 45 1.78 7 .8634 20 17.28
55 806 5 .0424 63 2.70 7 .8937 16 14.52
56 807 4 .0331 74 2.47 7 .9126 13 12.22
57 808 3 .0359 60 2.16 7 .9280 13 12.70
58 809 2 .0525 76 3.99 7 .9430 10 9.60
59 810 3 .0251 90 2.28 7 .9538 8 7.75
60 811 2 .0410 87 3.59 7 .9655 5 5.19
61 812 1 .0737 0 0 7 .9760 2 2.92
















62 813 2 .0325 75 2.45 7 .9853 1 1.91
63 814 0 .0000 0 0 7 .9853 1 1.91
64 815 0 .0000 0 0 7 .9853 1 1.91
65 816 2 .0381 40 1.54 7 .9962 0 0.92
66 817 0 .0000 0 0 7 .9962 0 0.92
67 818 0 .0000 0 0 7 .9962 0 0.92
68 819 0 .0000 0 0 7 .9962 0 0.92
69 820 0 .0000 0 0 7 .9962 0 0.92
70 821 0 .0000 0 0 7 .9962 0 0.92
71 822 0 .0000 0 0 7 .9962 0 0.92
72 823 0 .0000 0 0 7 .9962 0 0.92
73 824 0 .0000 0 0 7 .9962 0 0.92
74 825 0 .0000 0 0 7 .9962 0 0.92
75 826 0 .0000 0 0 7 .9962 0 0.92
76 827 0 .0000 0 0 7 .9962 0 0.92
77 828 1 .0263 0 0 7 1.0000 0 0
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Table 27. Average d a i l y  p r o p o r t i o n  of  e s c a p e m e n t ,  a v e r a g e  c u m u l a t i v e  
p r o p o r t i o n  o f  e s c a p e m e n t ,  t b e i r  c o e f f i c i e n t s  o f  v a r i a t i o n ,  s t a n d a r d  
d e v i a t i o n s  ( x lO O ) , and  sample  s i z e s  f o r  e v e n - y e a r s :  1 9 6 4  -  19 8 2 .  
















2 626 1 .0003 0 0 1 .0003 0 0
3 703 4 .0030 74 0.22 4 .0031 71 0.22
4 710 8 .0075 81 0.61 8 .0091 89 0.81
5 717 9 .0337 63 2.14 10 .0376 59 2.24
6 724 9 .1355 125 17.00 10 .1596 107 17.23
7 731 10 .1115 53 6.01 10 .2712 65 17.77
8 807 9 .1278 29 3.77 10 .3862 39 15.14
9 814 10 .1706 37 6.45 10 .5569 36 20.57
10 821 8 .1862 26 4.87 10 .7059 27 19.06
11 828 8 .1649 50 8.38 10 .8378 18 15.61
12 904 7 .1354 59 8.01 10 .9326 9 9.15
13 911 4 .1603 48 7.79 10 .9968 0 0.66
14 918 2 .0147 23 0.34 10 .9997 0 0
15 925 1 .0024 0 0 10 1.0000 0 0
Table  28. Average d a i l y  p r o p o r t i o n  of  e s c a p e m e n t ,  a v e r a g e  c u m u l a t i v e
p r o p o r t i o n  o f  e s c a p e m e n t ,  t h e i r  c o e f f i c i e n t s  
d e v i a t i o n s  ( x lO O ) , and sample  s i z e s  f o r  e v e n -  
Nor thern  d i s t r i c t .  P r i n c e  Wil liam Sound,
o f  v a r i a t i o n ,  
y e a r s :  1 9 6 4
s ta n d a r d  














1 619 1 .0866 0 0 1 .0866 0 0
2 626 0 .0000 0 0 1 .0866 0 0
3 703 0 .0000 0 0 1 .0866 0 0
4 710 3 .0023 80 0.18 3 .0311 128 4.00
5 717 4 .0015 69 0.10 6 .0166 191 3.18
6 724 8 .0665 118 7.87 9 .0702 105 7.39
7 731 10 .0523 69 3.61 10 .1155 64 7.50
8 807 9 .1320 61 8.09 10 .2343 35 8.25
9 814 10 .2709 62 16.85 10 .5052 43 22.18
10 821 5 .2559 22 5.87 10 .6332 31 19.65
11 828 7 .3535 43 15.24 10 .8807 17 15.79
12 904 5 .2021 73 14.87 10 .9818 3 3.27
13 911 4 .0374 76 2.87 10 ,9968 0 0.95
14 918 1 .0319 0 0 10 1.0000 0 0
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Table 29. Average d a i l y  p r o p o r t i o n  o f  e s c a p e m e n t ,  a v e r a g e  c u m u l a t i v e  
p r o p o r t i o n  o f  e s c a p e m e n t ,  t b e i r  c o e f f i c i e n t s  o f  v a r i a t i o n ,  s t a n d a r d  
d e v i a t i o n s  ( x lO O ) , and sample  s i z e s  f o r  e v e n - y e a r s :  1 9 6 4  -  1 9 8 2 .  
















2 626 1 .0000 0 0 1 .0000 0 0
3 703 1 .0011 0 0 1 .0011 0 0
4 710 1 .0022 0 0 1 .0033 0 0
5 717 6 .0302 100 3.05 6 .0308 97 3.01
6 724 8 .0409 *T<I 3.09 8 .0639 80 5.17
7 731 7 .1459 127 18.58 10 .1533 100 15.36
8 807 9 .1616 56 9.19 10 .2988 51 15.43
9 814 10 .3092 41 12.84 10 .6080 40 24.64
10 821 5 .2647 48 12*95 10 .7404 22 16.83
11 828 7 .2648 42 11.27 10 .9257 10 9.78
12 904 5 .1306 66 8.69 10 .9911 1 1.58
13 911 2 .0324 45 1*48 10 .9976 0 0.47
14 918 2 .0098 10 0.10 10 .9995 0 0.12
15 925 1 .0043 0 0 10 1.0000 0 0
Table  30. Average d a i l y  p r o p o r t i o n  o f  e s c a p e m e n t ,  a v e r a g e  c u m u l a t i v e  
p r o p o r t i o n  o f  e s c a p e m e n t ,  t h e i r  c o e f f i c i e n t s  o f  v a r i a t i o n ,  s t a n d a r d  
d e v i a t i o n s  ( x lO O ) , and sample  s i z e s  f o r  e v e n - y e a r s :  1 9 6 4  -  1 9 8 2 .  














3 703 1 .0002 0 0 1 .0002 0 0
4 710 0 .0000 0 0 1 .0002 0 0
5 717 5 .0108 26 0.28 5 .0108 26 0.28
6 724 8 .0444 98 4.36 9 .0455 99 4.53
7 731 9 .0679 80 5.50 10 .1021 53 5.46
8 807 9 .1409 35 4.95 10 .2290 42 9.64
9 814 10 .2759 37 10.21 10 .5050 28 14.47
10 821 6 .2895 84 24.43 10 .6787 23 16.15
11 828 8 .2895 52 15.18 10 .9104 10 9.83
12 904 6 .1335 64 8.63 10 .9905 2 2.47
13 911 2 .0296 60 1.77 10 .9964 1 1.06
14 918 1 .0236 0 0 10 .9988 0 0.35
15 925 1 .0118 0 0 10 1.0000 0 0
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Table 31.  Average d a i l y  p r o p o r t i o n  o f  e s c a p e m e n t ,  a v e r a g e  c u m u l a t i v e  
p r o p o r t i o n  o f  e s c a p e m e n t ,  t b e i r  c o e f f i c i e n t s  o f  v a r i a t i o n ,  s t a n d a r d  
d e v i a t i o n s  (zlOO), and sample s i z e s  f o r  e v e n - y e a r s :  1 9 6 4 ,  1 9 6 8 ,  1970 ,  
















5 717 1 .0089 0 0 1 .0089 0 0
6 724 2 .1900 84 15.99 2 .1945 79 15.54
7 731 2 .0980 22 2.19 2 .2925 60 17.74
8 807 2 .1748 0 0.07 3 .3116 39 12.17
9 814 3 .2386 50 11.97 4 .4126 36 15.20
10 821 2 .1484 67 10.08 5 .3895 66 25.91
11 828 5 .5879 49 29.33 5 .9775 4 4.50
12 904 1 .0605 0 0 5 .9895 2 2.08
13 911 1 .0301 0 0 5 .9956 0 0.87
14 918 1 .0148 0 0 5 .9985 0 0.28
15 925 1 .0072 0 0 5 1.0000 0 0
T a b l e  3 2 .  A verage  d a i l y  p r o p o r t i o n  of  escapement ,  average cumula t ive  
p r o p o r t i o n  o f  e s c a p e m e n t ,  t h e i r  c o e f f i c i e n t s  o f  v a r i a t i o n ,  s t a n d a r d  
d e v i a t i o n s  ( z lO O )  , and sa m p le  s i z e s  f o r  e v e n - y e a r s :  1964 -  1 9 8 2 .  
















4 710 1 .0051 0 0 1 .0051 0 0
5 717 3 .0062 81 0.50 3 .0079 93 0.74
6 724 8 .0429 61 2.63 8 .0459 63 2.92
7 731 9 .0725 43 3.14 9 .1134 35 3.99
8 807 7 .1252 36 4.57 9 .2108 35 7.45
9 814 9 .2808 31 8.82 9 .4916 26 12.98
10 821 6 .2373 65 15.59 10 .5849 29 17.17
11 828 9 .3097 65 20.32 10 .8636 22 19.09
12 904 5 .2558 78 19.99 10 .9916 2 2.50
13 911 1 .0479 0 0 10 .9964 1 1.07
14 918 1 .0239 0 0 10 .9988 0 0.35
15 925 1 .0119 0 0 10 1.0000 0 0
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Table 33.  Average d a i l y  p r o p o r t i o n  o f  e s c a p e m e n t ,  a v e r a g e  c u m u l a t i v e  
p r o p o r t i o n  o f  e s c a p e m e n t ,  t h e i r  c o e f f i c i e n t s  o f  v a r i a t i o n ,  s t a n d a r d  
d e v i a t i o n s  (x lO O ) ,  and sample  s i z e s  f o r  e v e n - y e a r s :  1 9 6 4  -  1 9 8 2 .  















4 710 2 .0005 27 0.01 2 .0005 27 0.01
5 717 5 .0019 115 0.22 5 .0021 97 0.21
6 724 8 .0208 110 2.30 9 .0196 122 2.42
7 731 8 .0460 80 3.72 10 .0545 102 5.57
8 807 9 .0878 64 5.64 10 .1336 80 10.71
9 814 9 .2392 32 7.72 10 .3489 50 17.60
10 821 7 .2311 50 11.65 10 .5108 27 14.13
11 828 7 .4077 42 17.29 10 .7962 16 13.39
12 904 8 .2402 44 10.61 10 .9884 3 3.25
13 911 1 .0623 0 0 10 .9946 1 1.39
14 918 2 .0188 65 1.23 10 .9984 0 0.46
15 925 1 .0156 0 0 10 1.0000 0 0
Table 34. Average d a i l y  p r o p o r t i o n  o f  e s c a p e m e n t ,  a v e r a g e  c u m u l a t i v e  
p r o p o r t i o n  o f  e s c a p e m e n t ,  t h e i r  c o e f f i c i e n t s  o f  v a r i a t i o n ,  s t a nda rd  
d e v i a t i o n s  (x lO O ) ,  and sample  s i z e s  f o r  e v e n - y e a r s :  1 9 6 4  -  19 82 .  
















4 710 2 .0007 33 0.02 2 .0007 33 0.02
5 717 5 .0022 106 0.23 5 .0025 88 0.22
6 724 8 .0243 103 2.51 9 .0230 114 2.64
7 731 8 .0527 81 4.28 10 .0629 99 6.27
8 807 9 .0938 59 5.56 10 .1473 76 11.21
9 814 9 .2309 23 5.35 10 .3552 46 16.44
10 821 7 .2362 45 10.80 10 .5206 24 12.53
11 828 7 .3947 49 19.44 10 .7969 19 15.16
12 904 7 .2741 38 10.44 10 .9888 3 3.08
13 911 1 .0590 0 0 10 .9947 1 1.32
14 918 2 .0190 55 1.05 10 .9985 0 0.44
15 925 1 .0147 0 0 10 1.0000 0 0
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Table 35.  Average d a i l y  p r o p o r t i o n  o f  e s c a p e m e n t ,  a v e r a g e  c u m u l a t i v e  
p r o p o r t i o n  o f  e s c a p e m e n t ,  t h e i r  c o e f f i c i e n t s  o f  v a r i a t i o n ,  s tanda rd  
d e v i a t i o n s  (zlOO), and sample s i z e s  f o r  o d d -y ea rs : 1965 -  1983. E a s te rn  
















2 626 2 .0011 90 0.09 2 .0011 90 0.09
3 703 4 .0270 82 2.22 4 .0275 83 2.31
4 710 10 .0400 82 3.29 10 .0511 97 4.99
5 717 9 .1120 49 5.50 10 .1519 63 9.70
6 724 9 .1523 71 10.91 10 .2890 66 19.12
7 731 10 .1399 61 8.59 10 .4289 61 26.57
8 807 8 .1121 44 5.00 10 .5186 52 27.46
9 814 8 .1393 51 7.17 10 .6302 34 22.00
10 821 5 .0853 21 1.85 10 .6728 36 24.27
11 828 9 .2505 83 20.95 10 .8983 15 13.80
12 904 5 .0719 58 4.20 10 .9343 15 14.40
13 911 3 .1734 114 19.92 10 .9863 3 3.13
14 918 3 .0354 134 4.76 10 .9969 0 0.91
15 925 1 .0305 0 0 10 1.0000 0 0
Table  36.  Average d a i l y  p r o p o r t i o n  o f  e s c a p e m e n t ,  a v e r a g e  c u m u l a t i v e  
p r o p o r t i o n  o f  e s c a p e m e n t ,  t h e i r  c o e f f i c i e n t s  o f  v a r i a t i o n ,  s ta nda rd  
d e v i a t i o n s  ( z l O O ) , and sample  s i z e s  f o r  o d d - y e a r s :  1965  -  1983 . 














2 626 2 .0007 6 0 2 .0007 6 0
3 703 4 .0286 95 2.73 4 .0290 95 2.77
4 710 7 .0423 88 3.74 7 .0589 97 5.76
5 717 7 .0891 46 4.16 9 .1152 69 8.02
6 724 8 .1507 33 5.04 10 .2242 65 14.63
7 731 10 .2511 49 12.45 10 .4753 49 23.41
8 807 8 .17 66 39 6.97 10 .6167 36 22.48
9 814 6 .2016 41 8.35 10 .7376 19 14.66
10 821 5 .1309 73 9.64 10 .8031 20 16.64
11 828 8 .1878 80 15.14 10 .9534 6 6.03
12 904 5 .0811 81 6.59 10 .9940 1 1.38
13 911 2 .0298 52 1.55 10 1.0000 0 0
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Table 37. Average d a i l y  p r o p o r t i o n  o f  e s c a p e m e n t ,  a v e r a g e  c u m u l a t i v e  
p r o p o r t i o n  o f  e s c a p e m e n t ,  t h e i r  c o e f f i c i e n t s  o f  v a r i a t i o n ,  s t a n d a r d  
d e v i a t i o n s  (zlOO), and sample s i z e s  f o r  odd-years :  1.965 -  1983. Cogh i l l  
















2 626 1 .0055 0 0 1 .0055 0 0
3 703 2 .0069 0 0 2 .0097 29 0.28
4 710 4 .0372 111 4.15 4 .0421 93 3.92
5 717 5 .0499 66 3.30 7 .0597 57 3.42
6 724 7 .1401 107 15.11 8 .1748 102 18.00
7 731 10 .2070 122 25.46 10 .3469 85 29.54
8 807 9 .1673 38 6.46 10 .4975 56 27.87
9 814 6 .2182 123 26.89 10 .6284 45 28.74
10 821 3 .0893 85 7.67 10 .6552 45 29.91
11 828 7 .2706 83 22.60 10 .8447 34 29.15
12 904 3 .2802 92 25.91 10 .9288 22 21.22
13 911 1 .0040 0 0 10 .9292 22 21.23
14 918 1 .7079 0 0 10 1.0000 0 0
T a b l e  3 8 .  Average  d a i l y  p r o p o r t i o n  of  escapement ,  average cum ula t ive  
p r o p o r t i o n  o f  e s c a p e m e n t ,  t h e i r  c o e f f i c i e n t s  o f  v a r i a t i o n ,  s t a n d a r d  
d e v i a t i o n s  ( z lO O )  , a n d  s a m p l e  s i z e s  f o r  o d d - y e a r s :  1965 -  1 983 .  
















4 710 2 .0038 92 0.35 2 .0038 92 0.35
5 717 2 .0147 48 0.71 3 .0123 56 0.69
6 724 4 .1399 63 8.89 5 .1193 84 10.10
7 731 9 .1661 151 25.12 9 .2324 132 30.88
8 807 7 .1077 115 12.44 10 .2846 115 32.97
9 814 4 .2117 44 9.48 10 .3693 80 29.63
10 821 5 .2482 99 24.67 10 .4935 63 31.25
11 828 7 .5353 33 17.70 10 .8682 29 25.63
12 904 3 .2135 68 14.55 10 .9323 15 14.27
13 911 2 .1137 91 10.46 10 .9550 14 13.48
14 918 0 .0000 0 0 10 .9550 14 13.48
15 925 1 .4494 0 0 10 1.0000 0 0
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Table 39.  Average d a i l y  p r o p o r t i o n  o f  e s c a p e m e n t ,  a v e r a g e  c o m n l a t i v e  
p r o p o r t i o n  o f  e s c a p e m e n t ,  t h e i r  c o e f f i c i e n t s  o f  v a r i a t i o n ,  s t a n d a r d  
d e v i a t i o n s  (zlOO), and sample s i z e s  f o r  o d d - y e a r s :  1 9 6 7 ,  1 9 7 1 ,  1977 ,  















4 710 1 .0185 0 0 1 .0185 0 0
5 717 1 .0055 0 0 1 .0240 0 0
6 724 1 .0273 0 0 1 .0514 0 0
7 731 1 .1109 0 0 1 .1622 0 0
8 807 3 .2909 90 26.32 3 .3450 74 25.69
9 814 1 .1430 0 0 3 .3927 68 26.98
10 821 3 .1442 102 14.83 4 .4027 99 39.94
11 828 2 .5922 65 38.86 4 .6988 55 38.45
12 904 2 .4220 94 39.95 4 .9098 10 10.00
13 911 1 .2417 0 0 4 .9702 5 5.14
14 918 1 .1189 0 0 4 1.0000 0 0
Table  40. Average d a i l y  p r o p o r t i o n  o f  e s c a p e m e n t ,  a v e r a g e  c u m u l a t i v e  
p r o p o r t i o n  o f  e s c a p e m e n t ,  t h e i r  c o e f f i c i e n t s  o f  v a r i a t i o n ,  s t a n d a rd  
d e v i a t i o n s  (zlOO) , and sample  s i z e s  f o r  o d d - y e a r s :  1965  -  1 9 8 1 .  














6 724 4 .0335 120 4.05 4 .0335 120 4.05
7 731 6 .0480 69 3.34 7 .0603 61 3.71
8 807 6 .1083 67 7.30 9 .1191 81 9.69
9 814 5 .2226 53 11.93 9 .2428 51 12.53
10 821 6 .2711 91 24.91 9 .4236 51 21.62
11 828 7 .5348 20 10.71 9 .8396 29 25.01
12 904 4 .2439 86 21.21 9 .9480 10 9.57
13 911 2 .1285 94 12.11 9 .9765 6 6.62
14 918 1 .2107 0 0 9 1.0000 0 0
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T able  41. Average d a i l y  p r o p o r t i o n  o f  e s c a p e m e n t ,  a v e r a g e  c n m n l a t i v e  
p r o p o r t i o n  o f  e s c a p e m e n t ,  t h e i r  c o e f f i c i e n t s  o f  v a r i a t i o n ,  s ta nda rd  
d e v i a t i o n s  ( x lO O ) , and sample  s i z e s . f o r  o d d - y e a r s :  196 5  -  19 83 .  
















3 703 1 .0009 0 0 1 .0009 0 0
4 710 1 .0087 0 0 1 .0095 0 0
5 717 6 .0205 119 2.45 7 .0189 121 2.30
6 724 9 .0765 102 7.83 9 .0912 98 9.01
7 731 10 .1727 127 22.01 10 .2548 116 29.71
8 807 8 .1633 93 15.33 10 .3855 89 34.66
9 814 8 .1380 88 12.28 10 ,4959 63 31.43
10 821 8 .1460 53 7.76 10 .6128 38 23.67
11 828 7 .3329 56 18.74 10 .8458 24 20.64
12 904 5 .2073 49 10.26 10 .9495 11 10.99
13 911 3 .1311 96 12.68 10 .9888 2 2.26
14 918 2 .0555 17 0.95 10 .9999 0 0
15 925 1 .0001 0 0 10 1.0000 0 0
T a b l e  4 2 .  Average  d a i l y  p r o p o r t i o n  of  escapement ,  average cumula t ive 
p r o p o r t i o n  o f  e s c a p e m e n t ,  t h e i r  c o e f f i c i e n t s  o f  v a r i a t i o n ,  s t a n d a r d  
d e v i a t i o n s  ( z l O O )  , and  s a m p l e  s i z e s  f o r  o d d - y e a r s :  1965 -  1983 .  
















3 703 1 .0015 0 0 1 .0015 0 0
4 710 1 .0145 0 0 1 .0160 0 0
5 717 6 .0236 108 2.57 7 .0225 106 2.39
6 724 9 .0866 93 8.11 9 .1042 89 9.35
7 731 9 .2033 107 21.78 10 .2767 107 29.70
8 807 8 .1840 81 15.03 10 .4240 80 34.24
9 814 7 .1650 69 11.41 10 .5395 55 29.87
10 821 8 .1737 63 10.98 10 .6785 32 21.74
11 828 6 .3107 66 20.79 10 .8649 18 16.01
12 904 5 .1699 42 7.30 10 .9499 11 11.28
13 911 3 .1330 105 13.98 10 .9898 2 2.02
14 918 2 .0505 6 0.33 10 .9999 0 0
15 925 1 .0002 0 0 10 1.0000 0 0
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VITA
L o u i s  J o h n  Rugo lo  was b o r n  on May 3 1 , 1950 i n  New York C i t y ,  New 
York. He completed h i s  secondary  e duc a t ion  a t  Msgr.  McClancy Memor ia l  
High S c h o o l ,  Jackson  H e ig h t s ,  New York. In  1972 he r e c e iv e d  a Bache lo r  
o f  Science i n  Biology from York College  o f  t h e  C i t y  U n i v e r s i t y  o f  New 
York.
From 1976 -  1978 he a t t e n d e d  Queens Col lege of  the  C i ty  U n i v e r s i t y  
o f  New York under a n o n - d e g r e e  p r o g ra m  w here  h i s  s t u d i e s  e m p h a s i z e d  
g e o l o g i c a l  s c i e n c e s .  He became a n  a s s o c i a t e  member o f  Sigma X i, The 
S c i e n t i f i c  Research So c ie ty  i n  1978.
I n  th e  f a l l  o f 1980 he began h i s  g radua te  e duc a t ion  i n  oceanography 
a t  Old Dominion U n i v e r s i t y  r e c e i v i n g  a u n i v e r s i t y  f e l l o w s h i p  f o r  h i s  
f i r s t  a c ad e m ic  y e a r .  I n  F e b r u a r y  1981 he was g ran ted  a bypass  of  the 
M a s t e r ' s  o f  Science i n  Oceanography.
He i s  a member of  P h i  Kappa P h i  Honor S o c i e t y ,  and th e  N a t iona l  
D e a n ' s  L i s t  o f  G r a d u a t e  S c h o l a r s .  His  p r o f e s s i o n a l  a f f i l i a t i o n s  
i n c l u d e ,  The Am er ican  F i s h e r i e s  S o c i e t y ,  Sigma X i ,  and The American 
A s s o c i a t i o n  f o r  th e  Advancement o f  Sc ience .
He was m a r r i e d  t o  Evelyn Main in  Jan u ary  1976, and exper ienced  the  
joyous b i r t h  of  h i s  son,  John  Edward Rugolo,  i n  June  1979.
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